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Composite is a mixture of two or more samples. Complete chemical 
analysis of individual daily samples is impractical; therefore, 
analyses are usually made on composites of several daily 
samples. Samples of bed material or suspended sediment col 
lected at individual verticals are usually composited for a single 
analysis.

Depth-integrated sediment sample is a suspended-sediment sample 
that is accumulated continuously in a sampler that moves ver 
tically at a constant transit rate and that admits the water- 
sediment mixture at a velocity about equal to the stream 
velocity at every point of its travel. Present depth-integrating 
samplers normally collect a water-sediment mixture only from 
the surface to a point about 0.3 foot from the streambed.

Discharge composite is a composite for which the volume from each 
sampler is proportional to the streamflow at the time tr3 sample 
was collected.

Dissolved-solids discharge is the rate at which dry weigl t of dis 
solved solids passes a section of a stream or the quantity that 
is discharged in a given time.

Equal-volume composite is a composite made of equal volumes from 
each sample.

Equivalents per million (epm) is a unit for expressing th<v concen 
tration of chemical constituents in terms of the interreacting 
values of the electrically charged particles, or ions, in solu 
tion. One equivalent per million of a positively charged ion 
will react with one equivalent per million of a negatively 
charged ion. Parts per million are converted to equivalents 
per million by multiplying by a factor that is the reciprocal of 
the combining weight of the ion.

Cations Factor 
Calcium (Ca +2 )___ 0.04990 
Ma snesium (Mg+2 ) _ _ . 08224 
Sodium (Na+1 )___ .04350 
Potassium (K+1 )__ .02558

Anions Factor 
Carbonate (CCV2 )____ 0.03333 
Bicarbonate (HCOa'1 )__ .01639 
Sulfate (SCV2)______ .02082 
Chloride (Cl'1 )______ .02820
Fluoride (F'1 )______ .05263 
Nitrate (NCV1 )______ .01613

Fluvial sediment is sediment transported by, suspended in, or de 
posited from water.

VI
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Median or median diameter, according to Twenhofel and Tyler 
(1941, p. 110), is "the mid-point in the size distribution of a sedi 
ment of which one-half of the weight is composed of particles 
larger in diameter than the median and one-half of smaller 
diameter. The median diameter may be read directly from the 
cumulative curve by noting the diameter value at the point of 
intersection of the 50 percent line and the curve."

Particle-size classification is the classification recommended by the 
American Geophysical Union Subcommittee on sediment ter 
minology (Lane and others, 1947, p. 937). According to this 
classification, clay particles have diameters betweer 0.0002 and 
0.004 mm, silt particles have diameters between 0.004 and 0.062 
mm, and sand particles have diameters betweer 0.062 and 
2.0 mm.

Parts per million (ppm) is a unit for expressing the concentration, 
by weight, of chemical constituents or sediment. Parts per 
million of chemical constituents is computed as one million 
times the ratio of the weight of constituents to the weight of the 
solution. Parts per million of sediment is competed as one 
million times the ratio of the weight of sediment to the weight 
of the water-sediment mixture.

Percent sodium is the ratio, expressed in percentage, of sodium to 
the sum of the positively charged ions (calcium, magnesium, 
sodium, and potassium) all ions in equivalents per million.

Residual sodium carbonate is the amount of carbonate plus bicar 
bonate, expressed in equivalents per million, that would remain 
in solution if all the calcium and magnesium were precipitated 
as the carbonate (Eaton, 1950). 

Residual sodium carbonate= (CO3 + HCO3 )   (Ca + Mg)
Runoff is streamflow unaffected by artificial diversions, storage, and 

other works of man in or on the stream channels.
Scheduled sampling station is a location at which water samples are 

collected on a systematic basis. Three types of stations were 
operated in this investigation: daily water sampled once or 
more each day; periodic water sampled about once a month; 
infrequent water sampled less frequently, usually at 3- to 4- 
month intervals.

Sediment is fragmental material that originates mostly from rocks 
and is transported by, suspended in, or deposited from water 
or air, or is accumulated in beds by other natural agencies.

Sediment discharge is the rate at which dry weight of sediment 
passes a section of a stream or conduit or is the quantity of 
sediment, as measured by dry weight or by volume, that is 
discharged in a given time.
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Sediment sample is a quantity of water-sediment mixture that is col 
lected to represent the average concentration of suspended sedi 
ment, the average particle-size distribution of suspended or 
deposited sediment, or the specific weight of deposited sediment.

Sodium-adsorption-ratio is related to the adsorption of scdium by 
the soil and is an index of the sodium, or alkali, hazard of the 
water. Concentrations of constituents are in equivalents per 
million.

SAR= Na
Ca+Mg

Specific conductance is a measure of the ability of a water to con 
duct an electrical current and is expressed in micronhos per 
centimeter at 25°C. Because the specific conductance is re 
lated to the number and specific chemical types of ions in 
solution, it can be used for approximating the dissolved-solids 
concentration of the water. The following general relations are 
applicable: Specific conductance X (0.65±0.05) =ppm dis 
solved solids

Specific conductance_ total epm 
100 2

Specific weight of a sediment deposit is the weight of solid? per unit 
volume of deposit in place.

Stream flow includes the sediment and dissolved solids that are con 
tained in the water and is the rate at which water passes a sec 
tion of a stream or is the quantity of water that is discharged 
in a given time.

Suspended sediment is sediment that is in suspension in vrater and 
is maintained in suspension by the upward components of turbu 
lent currents or as a colloid.

Unscheduled sampling point is a location at which sample^ are col 
lected less frequently and systematically than at a scheduled 
station; usually only 1 or 2 samples were collected for a specific 
purpose.

Weighted average represents approximately the chemical character 
of the water if all the water passing a cross section in the 
stream during the year were impounded and mixed in a 
reservoir.



CHEMICAL QUALITY OF SURFACE WATERS, AFD SEDI 
MENTATION IN THE GRAND RIVER DRAINAGF BASIN, 

NORTH AND SOUTH DAKOTA

By C. H. HEMBREE, R. A. KEIEGEE, and P. R. JORDAN

ABSTRACT

An investigation of the chemical quality of surface waters and of the sedi 
mentation in the Grand River drainage basin by the U.S. Geological Survey 
began in 1946. The chemical quality of the water wasi studied to obtain in 
formation on the nature and amounts of dissolved solids in the streams and 
on the suitability of the water for domestic, industrial, and irrigation uses. 
Sedimentation was studied to determine the quantity of sedirrent that is 
transported by the streams, the particle sizes of the sediment, and the prob 
able specific weight of the sediment when deposited in a reservoir.

The basin is underlain by consolidated sedimentary rocks of Cretaceous 
and Tertiary age; along the Grand River and its tributaries thefe rocks are 
mantled by alluvium of Quaternary age. The Hell Creek and Fort Union 
Formations underlie about 4,700 of the 5,680 square miles1 of drainage area. 
The climate of the basin is semiarid and is characterized by tot summers 
and cold winters. Mean annual runoff is about 53 acre-feet per square mile 
of drainage area and is equal to about 7 percent of the mean annual pre 
cipitation. The highest streamflows on the Grand River and rnajo- tributaries 
are caused by melting of snow in March and April. Streamflow is extremely 
variable from year to year.

Most of the surface waters in the basin are of the sodium sulfate or sodium 
bicarbonate type. High percent sodium is typical of almost all the surface 
water's. The streamflow-quality patterns of the Grand River and its two forks 
are very similar; dissolved-solids concentration, which usually c'oes not ex 
ceed 3,000 ppm, is maximum during low-flow periods.

The water in Shadehill Reservoir became stratified during the flood inflow 
of 1952; about 75 percent of the flood water, which was of good qutlity, passed 
through the reservoir. The quality of the water became almost uniform 
throughout the reservoir the latter part of July 1952. After the specific con 
ductance became relatively stable in 1956, it fluctuated from abrut 1,300 to 
1,600 micromhos per centimeter and was between 1,400 and 1,500 rnicromhos 
per centimeter most of the time.

During the representative period July 1937 to June 1950 the quantity of 
dissolved solids passing the station near Wakpala was estimated to have been 
about 140,000 tons per year. Yields computed for different parts of the basin 
ranged from about 22 to 32 tons per square mile.

Except for sulfate, concentrations of chemical constituents usi^ally do not 
exceed the maximum concentrations recommended for domestic supplies.
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The rather high dissolved solids and hardness of most of the surface waters 
prevent the use of these waters for most industrial purposes unless the qual 
ity is improved by treatment.

Classified for irrigation use according to its specific conductance and sodium- 
adsorption-ratio, the water stored in Shadehill Reservoir has a 1 igh salinity 
hazard and a medium sodium hazard. The water can be use<? safely for 
sustained irrigation on soils of the proposed irrigation unit if adequate Leaching 
is practiced and if gypsum or some other calcium compound is added to the 
water or land during the high sodium cycle.

Suspended-sediment discharges of the Grand River at Shaiehill from 
March 1946 through July 1950 averaged 700,000 tons per year. Suspended- 
sediment discharges of the South Fork Grand River near Cash for 1947-50, 
estimated from periodic measurements, averaged 270,000 tons per year. 
Sediment discharges during these periods were much greater than normal. 
Suspended-sediment discharges of the North Fork Grand River for 1947-60, 
estimated from periodic measurements, averaged 31,000 tons r^r year at 
Haley and 140,000 tons per year near White Butte. Suspended sediment is 
predominantly clay; some silt and a little sand are transported.

The probable specific weights of sediment deposits are about 42 pounds per 
cubic foot for the North and South Forks and 56 pounds per cubic foot for the 
Grand River at Shadehill. These specific weights are for deposits that have 
not been appreciably compacted by overlying deposits or by exposure to the 
air. At 56 pounds per cubic foot, the sediment that was carried b7 the Grand 
River at Shadehill from March 9, 1946, to June 30, 1950, would o?cupy about 
2,500 acre-feet when deposited in a reservoir.

INTRODUCTION

PURPOSE AND SCOPE OF INVESTIGATION

The investigation by the U.S. Geological Survey of chemical quality 
of surface waters and of sedimentation in the Grand River drainage 
basin was part of the program of the Department of the Interior 
for the development of the Missouri Kiver basin. The overall plan 
for the Missouri River basin includes the development of irrigation 
and hydroelectric power and the storage and regulation of 
flooclwaters.

Information on the chemical quality of the water and on fluvial 
sediments is one of the requirements for successful planning of 
economically feasible projects. Successful irrigation depends not 
only on the type of soils, drainage, and climate but also on water of 
suitable chemical quality. The suitability of the water for domestic 
and industrial uses and for the propagation of wildlife depends partly 
on its chemical quality. A knowledge of the quantity ard particle 
sizes of sediment transported by a stream is necessary for the design 
and operation of reservoirs and irrigation projects. Moreover, sedi 
ment data are used in making estimates of the amount ard possible 
extent of aggradation and degradation upstream and downstream 
from hydraulic structures.
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This report summarizes the results of the investigation to Sep 
tember 30, 1960. The results can be utilized to further the develop 
ment, control, and use of the water resources of the area.

In the investigation several items were considered: the nature 
and concentrations of the mineral constituents in solution and of the 
sediment in transport; the geologic, hydrologic, and cultural factors 
that influence the chemical quality and the sediment discharge of 
the streams; the amount of sediment and dissolved minerals dis 
charged by the streams at points of measurement; tl a, probable 
source of dissolved minerals; the initial specific weight of the sedi 
ment after deposition; and the suitability of the water for irrigation, 
domestic, and industrial uses. Special studies were made of water 
impounded in Shadehill Reservoir to determine the suitability of the 
water for irrigation and domestic use.

Chemical-quality data were obtained at Shadehill Reservoir and at 
six other scheduled chemical-quality stations, which were operated 
from 2 to 10 years. Supplemental data were obtained on most of the 
principal tributaries. These data furnish information on the quality 
of the water that enters Shadehill Reservoir and that leaves the 
basin.

Studies were made to determine the quantity of sediment trans 
ported by the Grand River at Shadehill and the probable initial 
specific weight of the suspended sediment after deposition in a 
reservoir. Sediment samples were collected at four scheduled 
stations and were analyzed for concentration of suspended sediment. 
Some of the samples were also analyzed for particle-size distribu 
tion of suspended sediment. Samples of bed material we^e collected 
at several sites and were analyzed for particle size. Field studies 
made during the investigation provided a background of information 
that was essential to the understanding and interpretation of the 
basic data on chemical quality and sediment. Pertinent published 
reports were reviewed in the study of the relationship of the geology 
to the sediment and dissolved minerals that are transported by the 
streams in the Grand River drainage basin.

PREVIOUS INVESTIGATIONS

The U.S. Army Corps of Engineers, measured the suspended- 
sediment discharge of the Grand River at Wakpala on ^ pril 17, 18, 
20, and 22, 1931, and collected sediment samples at the surface dur 
ing the period March 1 to July 31,1931 (U.S. Congress, J934, p. 36). 
Suspended-sediment records were also obtained on the Grand River 
near Wakpala by the Corps of Engineers from April 1947 to Sep 
tember 1951 (U.S. Army Corps of Engineers, 1951,1957).
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Two samples of water from the North Fork of the Grand River, 
obtained 9 miles south of Hettinger, N. Dak., were analyzed for dis- 
solved-mineral and sediment content (U.S. Congress, 1934, p. 84).

During October 1941 to September 1945, the Bureau of Reclama 
tion periodically collected and analyzed quality-of-wate~ samples 
from stations on the Grand River at Shadehill and near Wakpala, 
S. Dak.

A reconnaissance of geology and ground water in the lov^er Grand 
River valley, South Dakota, has been made by the Geological Survey 
(Tychsen and Vorhis, 1955).

PERSONNEL AND ACKNOWLEDGMENTS

This investigation was made by personnel of the Water Resources 
Division of the Geological Survey in cooperation with other agencies 
of the Department of the Interior and was under the successive 
supervision of P. C. Benedict, regional engineer, and D. M. Cul- 
bertson, district engineer.

GRAND RIVER DRAINAGE BASIN

LOCATION AND EXTENT

The Grand River drainage basin (5,680 sq miles) in northwest 
South Dakota and southwest North Dakota (pi. 1) occupies approxi 
mately the north half of Harding and Perkins Counties, all of Corson 
County, and small parts of Ziebach County, S. Dak., and Bowman 
and Adams Counties, N. Dak. The drainage basin, which is about 
160 miles long and 25 to 60 miles wide, is bounded by low divides 
that separate it from the drainage basins of the Cannonball River to 
the north, the Moreau River to the south, and the Little Missouri 
River to the west.

TOPOGRAPHY

The Grand River basin is in the Missouri Plateau section of the 
Great Plains province. It has the characteristics of an old plateau 
modified by valley terraces, local badlands, and isolated buttes. 
The general topography is a rolling plain broken by the valleys of 
the mainstream and its tributaries (fig. 1). Buttes and associated 
badlands are prominent local features of the landscape.

In the eastern part of the basin, the stream valleys are deeply 
incised below the general level of the land and the stream profiles of 
the tributaries are very steep. In the western part of the basin, the 
separation of the valleys from the uplands, although distinct, is not 
so abrupt as in the eastern part. In general, the valleys are narrow 
and are bordered by several levels of terraces that parallel the 
general course of the stream. The flood plain of the Grgnd River
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is from 10 to 20 feet above the stream. Above the valley trench, 
but still within the valley itself, terraces, which stand from 80 to 180 
feet above the stream and are at places several miles wide, slope 
gently toward the uplands.

Buttes are scattered throughout the basin but occupy large areas 
only in the western part of the basin. The buttes are capped by 
resistant sandstones that erode less readily than the softer rocks 
beneath. Slim Buttes, Table Mountain, and Cave Hills, in Harding 
County, S. Dak., cover 20 to 30 square miles, and the almost sheer 
sides of the buttes are as high as 250 feet. The bases of these and 
other buttes are broken by closely spaced, deeply incised gullies, 
which together with the narrow divides form the rugged and bar 
ren topography of badlands. Badlands are also found along the 
valley walls of the main stream and deeply incised tributaries in 
the eastern part of the basin and at the heads of most of the streams
in the western part of the basin.

i
DRAINAGE

The Grand River is formed by the junction of the South Fork and 
the North Fork in Perkins County, S. Dak., about 21/£ miles southwest 
of Shadehill. The junction of the two streams was submerged by the 
filling of Shadehill Reservoir. The South Fork heads near the South 
Dakota-Montana State line west of Buffalo in Harding County. The 
North Fork heads near the North Dakota-Montana State line west of 
Haley in Bowman County. From the confluence of these two streams 
the Grand River flows eastward and joins the Missouri River north 
west of Mobridge, S. Dak.

In downstream order the principal tributaries of the South Fork 
are Sand, Jones, Bull, Nasty, and Lodgepole Creeks; and the 
principal tributaries of the North Fork are Spring, Lightning, and 
Buffalo Creeks. The principal tributaries of the Grand River 
downstream from the confluence of its two forks are Flat, Willow, 
Black Horse Butte, Cotton wood, -Dirty Lodge, Firesteel, Hump, 
Stink, and High Bank Creeks. (See pi. 1.) All the principal tribu 
taries of the Grand River are intermittent, although there is flow in 
the lower reaches of Black Horse Butte and Firesteel Creeks during 
most of the year.

From Shadehill Reservoir to the mouth the gradient of the Grand 
River changes very little and averages about 3.6 feet per mile. 
(See pi. 2.) At Shadehill the channel is gravel and sand. From a 
point north of Athboy, which is a short distance downstream from 
Shadehill, to the mouth, the bed of the Grand River is mostly sand 
(fig. 2). Most of the tributaries of the Grand River downstream
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FIGURE 2. Grand River near the mouth, October 1955. The banks are about 12 feet high, 
and the bed material is mostly sand. The white incrustations on the sandbars are salt 
deposits formed by capillary action and evaporation.

from Shadehill have drainage basins that are long and narrow, 
and the long axes of the basins are oriented almost perpendicular 
to the master stream. The gradients of the tributaries average 
about three times the gradient of the Grand River. All the tribu 
taries are flowing on or very close to bedrock except where they 
enter the Grand River valley.

The .North Fork Grand River flows close to the northern border 
of the plateau to the south and, consequently, receives most of its 
drainage from the area that lies to the north. In the upper 23 miles 
of its course the North Fork falls 380 feet, or more than 16 feet per 
mile. For the remaining 114 miles to the confluence with the South 
Fork, the North Fork has an average gradient of 5.7 feet per mile. 
Most of the drainage basin that is not under cultivation is gently to 
unevenly rolling and grass covered. In the middle reach of the 
North Fork, the stream meanders over its valley floor, which is 
about 1 mile wide.

Spring and Buffalo Creeks have gradients that are about equal 
to the gradient of the upper reach of the North Fork. The principal 
tributaries to the North Fork drain areas of rolling prairie that is 
interrupted locally by buttes and low hills and ridges. The valley
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floors are wide and flat, and the valley walls slope gradually upward 
to blend into the uplands.

SOUTH FORK GRAND RIVER

The south and west margins of the drainage basin of the South 
Fork Grand River are rimmed by a series of badlands that start 
abruptly at the margin of nearly flat prairie, which marks the divide 
between the Moreau River basin on the south and the Little Missouri 
River basin on the west. These badlands and buttes are known as 
The Breaks east of Slim Buttes and as the Jump-off west of Slim 
Buttes. The minor tributaries that drain The Breaks have eroded 
deep, narrow valleys that in some places are more than 100 feet 
below the divides. In the first 32 miles of its course the South Fork 
drops about 540 feet, or 17 feet per mile. In the remaining 99 miles 
of its course the South Fork has an average gradient of about 5.5 
feet per mile, which is slightly greater than that of the Grand River. 
Near Buffalo the banks of the stream are low and grass covered, 
and the stream flows on a bed of sand and fine gravel in a broad 
sandy valley. Downstream from the mouth of Jones Creek, the 
streambanks become progressively higher, and the bed material is 
mostly gravel.

Sand Creek, the only principal tributary that enters the South 
Fork from the south, has some tributaries, such as Squaw Creek, 
that drain the area of badlands on the north and west sides of Slim 
Buttes (fig. 3). The lower reaches of Sand Creek have very low 
banks, and the bed is mainly sand.

Jones and Bull Creeks rise on the edge of the Jump-off northwest 
of Buffalo and flow in narrow steep-banked channels. The gently 
rolling valley slopes rise, sharply in places, from these channels to 
the bases of the buttes that form Cave Hills. The valleys of both 
tributaries in the lower reaches are broad and rolling, and the 
streams meander. .

Nasty Creek follows a meandering course in a broad, open valley. 
Most of the drainage area is uneven and generally grass covered. 
Lodgepole Creek drains the eastern part of a plateau that lies be 
tween Nasty Creek and the North Fork. The valley of Lodgepole 
Creek is wide and flat and is bordered to the north and south by 
high rocky ridges that rise above the general level of the plateau.

SHADEHILL, RESERVOIR

Shadehill Reservoir is about 12 miles south of Lemmon and near 
the village of Shadehill. The dam, which is 4 miles downstream 
from the confluence of the North and South Forks of the Grand 
River, impounds water that drains from an area of about 3,120 
square miles. .
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FIGURE 3. Badlands along the base of Slim Buttes south of State Route 8, west of Reva. 
The vertical cliffs are composed of the Chadron and Arikaree Formations, which are the 
sources of part of the sediment transported by the South Fork.

Construction of Shadehill Dam was started April 22, 1949, and was 
completed August 15, 1951 (U.S. Bur. of Eeclamation, written com 
munication) . Storage of water began July 1,1950, when the channel 
of the Grand River was closed. The dam is an earthnll structure, 
12,843 feet long, and has a crest (elev 2,318 ft) of 118 feet above the 
streambed. Dead storage is 58,231 acre-feet below the lowest point 
of the irrigation canal outlet (elev 2,250.8 ft), conservation storage 
is 81,400 acre-feet between the bottom of the irrigation canal 
outlet and the crest of the service spillway (elev 2,272.0 ft), and 
flood-control storage is 269,400 acre-feet between the service spillway 
and the maximum service elevation of 2,312 feet (10 ft above the 
crest of the emergency spillway). The reservoir has a total active 
capacity of 409,000 acre-feet.

The reservoir was designed for irrigation supply, flood control, 
wildlife conservation, and recreation. In addition, the reservoir may 
be used as a municipal supply for the city of Lemmon.

CLIMATE

The Grand River basin has a fairly uniform climate because of 
its east-wTest orientation and a small range in altitude (about 1,500 
to 3,300 ft). Average annual precipitation increases from about 15 
inches in the west to a little more than 16 inches in the east. The 
annual precipitation for the basin averages about 15 inches and the 
temperature about 44° F. (See pi. 1.)

723^32 O 64   2
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The climate of the basin is semiarid and is characterized by hot 
summers and cold winters. The temperature ranges from about 
  30° to 115° F. Snow covers the ground during most of the winter 
and totals about 3.6 inches of precipitation, or about 24 percent of 
the average annual precipitation. About one-third of the precipita 
tion for the year falls during May and June, which are normally 
the months of greatest precipitation.

SOILS AND VEGETATION

The characteristics of a soil depend on the parent material, 
climate, organisms, topography, and time. The Grand Eiver basin 
is in a zone of Chestnut soils, which are characteristic of predomi 
nantly short-grass country that has a mean annual precipitation of 
less than about 18 inches (U.S. Cong., 1941, p. 276, 1117). Chestnut 
soils are characterized by a dark-grayish-brown or dark-brown sur 
face horizon, a lighter colored blocky to prismatic B horizon, and 
a zone of carbonate accumulation at a depth of about 18 to 30 inches. 
The soils are commonly neutral or slightly acid at the surface and 
alkaline in the subsoil (Edwards and Ableiter, 1951, p. 26).

Soils in numerous areas in the basin have been affected by salts  
mostly sodium salts. Most of the sodium-rich soils are along the 
streams on nearly flat terraces or on gentle valley or upland slopes. 
These soils were developed as the'result of flooding by saline water 
of depressions or poorly drained areas. Areas where the soil is im 
pregnated with sodium salts are generally known as scab spots or 
scabby land.

Grassland is typical of the entire drainage basin where the land 
is not cultivated. The Slim Buttes, Pine Hills, and Cave Hills are 
parts of the Custer National Forest and have a scanty growth of 
yellow pine and juniper. Cotton wood is the most common tree 
along the streams. Other trees and shrubs that grow along the 
stream valleys are ash, dogwood, boxelder, willow, wild rose, sweet- 
brier, buffalo berry, and juneberry. The most common grasses are 
blue grama, needle grass, wheat grass, threadleaf sedge, big and 
little bluestem, and buffalo grass. Small pricklypear, gumweed, 
saltgrass, and seepweed are associated with the scabby land. Gray 
and pasture sagebrush, clubmoss, plantain, sand grass, peppergrass, 
and Russian-thistle are locally abundant.

STREAMFLOW

Mean annual runoff in the Grand River drainage basin as meas 
ured at Grand River near Wakpala is about 53 acre-feet per squre 
mile of drainage area and is about 7 percent of the mean annual 
precipitation. Annual runoff per square mile of drainage area
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varies only slightly for different areas. Although the heaviest rain 
normally falls in May and June, the highest streamflow rates on 
the Grand Kiver and major tributaries are caused by melting of 
snow in March and April. On the small tributaries, p^iak stream- 
flow rates are caused by intense rainstorms in summer. For ex 
ample, H. M. Erskine (written communication), district engineer 
of the U.S. Geological Survey, Bismarck, N. Dak., reported that the 
highest streamflow rates ever measured in the region were in the 
extreme headwaters of the North Fork Grand River and of Bull 
Creek during the night of July 28-29, 1951. Precipitation of 5 to 10 
inches was reported by residents in the area. Streamflow rates 
were as high as 7,500 cfs (cubic feet per second) from 5.2 square 
miles of drainage area.

Extremes in streamflow are characteristic of the Grand River. 
For the period of record, the streamflow of Grand River near 
Wakpala before closure of Shadehill Dam ranged from zero about 
12 percent of the time to 82,200 cfs. Most of the tributaries are 
ephemeral streams that flow only after heavy rainfall or when snow 
is melting. The reservoir regulates the flow from about 55 percent 
of the Grand River basin. Records are available for seven stream- 
flow stations and one reservoir in the basin (table 1).

TABLE 1. Periods of streamflow records in the Grand Rive" basin

Gaging stations

North Fork Grand River: 
At Haley, N. Dak....................... _......

Near White Butte, S. Dak.... ............ ....
South Fork Grand River: 

At Bufldlo, S. Dak .... . ..... . .
Near Cash, S. Dak. ............ .... ... .. ...

Shadehill Reservoir: At Shadehill, S. Dak...........
Grand River: 

At Shadehill, S. Dak....... .....................
At Little Eagle, S. Dak.........................
Near Wakpala, S. Dak. i .. __ ... ___ __ .

Drain 
age area 
(sq mi)

509

1,190

148
1,350
3,120

3,120
5,370
5,510

Period of record

October 1945 to Septeirber 1960. 
October 1945 to Septeirber 1960.

August 1955 to September 1960.
October 1945 to Septeirber 1960.
June 1950 to September 1960.

February 1943 to September 1960.
July 1958 to September 1960.
April 1912 to March 19"*
August 1928 to September 1960.

1 Before Mar. 18,1918, gaging station was 12 miles downstream from present site. Frori Aug. 26,1928, to 
Mar. 30, 1944, gaging station was 17 miles downstream from present site.

The use of long-term records to derive a duration curve of daily 
streamflow is the most accurate method of defining the f ow charac 
teristics of a stream. Unfortunately, such records are seldom 
available. The longest period of record is for Grand River near 
Wakpala, but only the period March 1931 to June 1950 can be used 
for a duration curve of daily streamflow because before March 
1931 daily records were not available for some periods and after 
June 1950 the streamflow was regulated. Although the longest
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usable period may fairly well represent the long-term streamflow, 
it included 5 years of extreme drought; therefore, a shorter period, 
if correctly chosen, may be even more representative. Tie period 
chosen was based on the assumption that a period representative 
for an area having similar climate, topography, and geographic 
location would also be representative for the Grand E : ver near 
Wakpala.

The part of the drainage basin of the Missouri Eiver between the 
Garrison and Fort Eandall damsites include the Grand Eiver 
basin and has similar climate and topography, and streamflow 
records (furnished in part by the U.S. Army Corps of Engineers, 
Omaha District) are available for 1898 through 1954. Figure 4 
shows that runoff from this area follows the same trend as runoff 
from the Grand Eiver basin. Frequency distributions of annual 
runoff between Fort Eandall and Garrison were plotted for the 
water years 1898 through 1954 and for various periods during which 
streamflow records for the Grand Eiver were available. The
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FIGURE 4. Runoff from the Grand River basin and from the drainage area tributary to 
the Missouri River between- Garrison and Fort Randall damsitef.



STREAMFLOW 13

frequency distribution for July 1, 1937, to June 30, 1950, is almost 
the same as that for the long period (fig. 5); therefore, the flow 
for July 1, 1937, to June 30, 1950, is probably representative of 
the long-term unregulated flow of Grand River near Wakpala 
(fig. 6).

For the stations upstream from Wakpala, representative duration 
curves could not be obtained in the same way as for Wakpala. 
Concurrent records are available for the stations at Haley, near 
White Butte, and near Cash for water years 1947 through 1960, and 
streamflow-duration curves were constructed for this period (fig. 7). 
The period included several years of high streamflow and several 
years of low streamflow; therefore, the duration curves may not 
differ greatly from those for a longer, more representative period.

Periods of record for South Fork Grand River at Buffalo and for 
regulated streamflow of Grand River at Shadehill ar°, composed 
almost entirely of years of below-normal streamflow; tl^refore, the 
curves for these, stations (fig. 8) are not comparable with the 
curves for the other stations. For Grand River at SI adehill, the 
slope of the curve from 15 to 250 cfs probably representr the normal 
slope for unregulated streamflow. The less-than-normal slope of the 
curve above 4,000 cfs shows that the magnitude of the highest 
streamflows was reduced by storage in the reservoir. The steeper-
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FIGURE 6. Duration curve of daily flows for Grand River near Wakpala, July 1, 1937, to
June 30, 1950.
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STREAMFLOW, IN CUBIC FEET PER SECOND
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near White Butte, and South Fork Grand River near Cash, water years 1947 60.

than-normal slope of the curve between 250 and 4,000 cfs shows 
that the duration of streamflows of more than 4,000 cfs -ras increased 
by releases from storage. The less-than-normal slope of the curve 
between 8 and 15 cfs shows that the duration of strer.mflows of 8 
to 15 cfs was increased by releases from storage.

The streamflow that is typical, or most common, is represented 
approximately by the median (the streamflow exceeded 50 percent 
of the time). The total volume of water available for storage is
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represented by the mean streamflow, in cubic feet per second or 
in acre-feet per year. For streams such as those in the Grand 
River basin, the mean is much larger than the median because it is 
influenced by the very large volumes that are discharged during 
short periods of high streamflow. The median and me^.n stream- 
flows at four locations are shown in the following table:

Summary of streamflow cJiaracteristics

Location

North Fork at Haley..
North Fork near White Butte. ......

Grand River near Wakpala __ ....

Water years or period

1947-60         
1947-60         
1947-60      
July 1937 to June 1950- -

Median 
stream- 

flow 
(cfs)

1.7 
4.4 

11
47

Mean ftreamflow

Cubic 
feet per 
second

37 
71 
64 

400

Acre-feet 
per year

27,000 
52, 000 
46, 000 

2f 0,000

Acre-feet 
per 

square 
mile per 

year

63 
44 
34 
53

Because the drainage areas for the stations near Cash and White 
Butte are of similar size (see table 1), their streamflow character 
istics may be compared without an adjustment for drainage area. 
Although the mean streamflow of the North Fork near White Butte 
is slightly higher than that of the South Fork near Cash, the stream- 
flow of the South Fork near Cash exceeded the streamf ow of the 
North Fork near White Butte at least 90 percent of the time. (See 
fig. 7.) The higher mean streamflow for the North Fork is due to 
a few days of very high streamflow. Although the me<m stream- 
flow of the North Fork near White Butte for the period was 71 cfs, 
this streamflow was exceeded less than 9 percent of the time, and 
the median streamflow was only 4.4 cfs. (See fig. 7.)

Although the mean streamflow represents the volume of water 
available for storage over a large number of years, the streamflow 
in any one year may be considerably more or less than the mean. 
The extreme variability of yearly streamflows at two selected loca 
tions in the basin is shown in figure 9. In this figure, the stream- 
flow for Grand River near Wakpala after 1950 has b^en partly 
regulated by Shadehill Reservoir.

Before Shadehill Reservoir was constructed, the streamflow of 
the Grand River was greater near Wakpala than at Shadehill except 
for some periods of low streamflow (fig. 10). During very low 
streamflows in the summer the Grand River between Shadehill and 
Wakpala lost more water than it gained. Some of the water was 
lost by infiltration, but probably the greater part was lo^, through 
evaporation.
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On April 3, 1958, water right filings for irrigation in the Grand 
Eiver basin totaled about 2,500 acre-feet. This amount of water 
was to be used on an estimated 22,872 acres of land (South Dakota 
Water Eesources Commission, written communication). Data from 
the 1950 census (U.S. Dept. Commerce, 1952) indicate that many of 
the filings do not represent use of water. According to the census, 
the area irrigated in 1950 was less than 1,000 acres. Irrigation is 
predominantly by diversion or pumping from the streams and is 
mostly in Harding County, S. Dak. The amount of irrigation has 
not increased appreciably since 1950. Although Shadehill Reser 
voir has been in operation since 1950, the only land irrigated from 
this source has been about 28 acres on the Shadehill Development 
Farm (U.S. Bur. Reclamation, written communication).

CHEMICAL QUALITY OF THE WATER

The water that falls on the earth as rain or snow is nearly devoid 
of dissolved constituents except for small amounts of dissolved 
gases, such as carbon dioxide. The water in streams, lakes, oceans, 
and ground-water reservoirs contains dissolved solids in variable 
amounts. These dissolved solids are derived from the rocks and 
soils with which the water has been in contact. Differences in the 
chemical composition and dissolved-solids concentration of waters 
are due to differences in the mineral composition of rocks and in 
the solubility of minerals.

Water that enters a stream or lake from surface runoff" generally 
has a lower dissolved-solids concentration than water that enters 
from the ground-water reservoir. The concentration is lower be 
cause water that flows over the surface reaches the streams quickly, 
is in contact with the rocks and soils only briefly, and thus dissolves 
relatively small amounts of material. On the other hand, sub 
surface water increases its solvent power by dissolving carbon di 
oxide while percolating through the soil, is in contact, with the 
minerals a long time because it travels slowly, and thus may be 
highly mineralized.

The chemical composition of surface water may, and usually does, 
fluctuate. Some of the environmental factors that cause f-ictuations 
or differences in chemical composition of surface waters at one 
location or between two locations are climate, geology, tributary 
inflow, and such activities of man as regulation of flow and industrial 
development.

RELATION TO GEOLOGY

The total mineralization and the proportional amourt of each 
mineral in the streams depend mainly on the physical and chemi-
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cal properties of the rocks and soils in the drainage b^sin. The 
availability of the minerals in the rocks and soils is decreased by 
leaching, and the rate of leaching depends on the solubility of the 
minerals, length of time the water is in contact with the minerals, 
and temperature of the water. The amount of dissolved products 
of weathering carried by the streams depends also on tl ^ climate. 
In arid or semiarid regions, most soils and the rocks from which 
they originated are incompletely leached and still contain large 
amounts of readily soluble material.

Fine-grained rocks, such as siltstone and shale, expose large areas 
to the solvent action of water, and water in contact with these rocks 
may dissolve and carry in solution large amounts of dissolved solids. 
The cementing material of many rocks is calcium carbonate, which 
is easily dissolved in water that contains carbon dioxide.

The Grand Eiver basin is underlain by shale, siltstone, sand 
stone, and limestone of Cretaceous and Tertiary age. Alluvium of 
Quaternary age partly mantles these consolidated rocks along the 
Grand River and its tributaries. The formations exposed at the 
surface are the Pierre Shale, Fox Hills Sandstone, and Hell Creek 
Formation of Late Cretaceous age and the Ludlow, Cannonball, and 
Tongue Eiver Members of the Fort Union Formation (Paleocene), 
the White River Group (Oligocene), and the Arikaree Formation 
(Miocene) of Tertiary age.

Clarke (1924, p. 69) pointed out that a river water is tl Q. average, 
or composite, of all its tributaries. Similarly the chemical composi 
tion of a river water reflects the physical and mineral composition 
of the rocks in the drainage basin. The quadrilaterals in plate 3 
illustrate the effect of geology on the chemical characteristics of the 
water. The kite diagrams (quadrilaterals) are from analyses of 
samples collected during periods of low flow.

The size of the diagrams shows the concentration of the ions in 
solution, and the size and shape show the suitability of the water for 
irrigation (Colby, Hembree, and Rainwater, 1956, p. 118). The 
dissolved-solids concentration in equivalents per million is equal to 
the sum of the lengths of the horizontal and vertical axes, which are 
of equal length. The inclusion of potassium with sodium in the 
lower vertical axis is not in absolute agreement with tH agricul 
tural definition of percent sodium, but potassium is usually present 
in such small quantities that its inclusion is insignificant in percent- 
sodium interpretation from plate 3. If the major part of the quadri 
lateral is above the horizontal axis, the water has a lew percent 
sodium; the percent sodium is approximately equal to tl °s ratio of 
the length of the sodium-and-potassium line to the total length of
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the vertical axis expressed in percentage. If the major part is in 
the upper left, the water is the most desirable type for irrigation; 
sulfates and chlorides of calcium and magnesium predominate. 
If the major part is in the upper right, percent sodium is low but 
residual sodium carbonate may be present. The slope of the line 
joining the plots of calcium plus magnesium and carbonate plus 
bicarbonate is the ratio of these constituents and indicates the 
presence or absence of residual sodium carbonate. If the slope is 
greater than 45 degrees, there is no residual sodium carbonate; as 
the slope decreases from 45 degrees, residual sodium carbonate in 
creases. Location of the larger area in the lower right quarter 
indicates water least desirable for irrigation; high percent sodium 
and residual sodium carbonate are both present. The significance 
of these water-quality characteristics is discussed further in the 
section on suitability of the waters for irrigation.

Exposed rocks in the drainage area of the North Fork are the 
Hell Creek Formation and the Fort Union Formation. (See pi. 3.) 
The Hell Creek Formation consists of continental deposits of alter 
nating strata of sandstone, shale, bentonite, and thin beds of coal. 
The formation is light to dark gray and contains manganese and 
iron concretions, which weather out and give a distinctive appear 
ance to the areas underlain by the formation. Clay beds that were 
fired by burning lignite beds form red bands around some of the 
hills and buttes.

In the Grand River basin the Fort Union Formation consists of 
three members: Ludlow, Cannonball, and Tongue Piver. The 
Ludlow and Tongue River Members are of continental origin and in- 
terfinger with the Cannonball Member of marine origin. The Can 
nonball Member, which is the marine equivalent of the Ludlow and 
the lower part of the Tongue River, crops out mostly to the east of 
Haley. The Ludlow Member consists of sandstone, shale, clay, and 
lignite and is characterized by its yellowish color. The Cannonball 
Member is composed of dark-gray sandstone and sh^le and is 
difficult to distinguish from the underlying Hell Creek Formation 
because of the similarity in lithology and color. The Tongue River 
Member consists of gray to brown clay, shale, sandstone, r,nd lignite; 
some thin limestone is present locally.

Water of the North Fork at Haley is of the sodium sulfate type 
and has a high percent sodium. The water at Haley is a mixture 
of waters draining from areas consisting mostly of exposed Hell 
Creek Formation and the Ludlow and Tongue River Members of 
the Fort Union Formation. Waters draining from areas of these 
exposed rocks are represented individually on figure 19 by diagrams
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for other parts of the basin: South Fork at Buffalo drains rocks 
of the Hell Creek Formation; Nasty Creek near Ralph drains an 
area consisting mostly of exposed Ludlow Member; and Flat Creek 
at Haynes drains rocks of the Tongue Kiver Member. Waters 
draining from areas of exposed Ludlow Member are of about the 
same type as those draining from areas of the exposed Tongue 
Kiver Member.

Water of the North Fork south of Hettinger and farther down 
stream at the station near White Butte has higher percentages of 
calcium than the water at Haley. The increase in the percentage of 
calcium downstream is probably due to the decreased influence of 
the Hell Creek Formation and the increased effect of the Fort 
Union Formation, particularly the Cannonball Member.

Most of the headwater drainage area of the South Fork consists 
of exposed Hell Creek Formation. Waters from the South Fork at 
Buffalo and from Sand Creek are of the sodium bicarbonate type 
and have a very high percent sodium. Waters from I! nil Creek 
and Jones Creek, which drain areas of exposed Hell Creek Forma 
tion and Ludlow Member, are mixtures of sodium sulfate and sodium 
bicarbonate types (pi. 3). The water has about equal proportions of 
sulfate and bicarbonate. The sodium bicarbonate waters of the 
South Fork between the mouth of Jones Creek and ShadeHll Reser- 
voir progressively decrease in percentage of bicarbonate and in 
crease in percentage of sulfate, calcium, and magnesium. The 
change in the type of water is effected by inflow from tributaries 
draining areas of exposed Ludlow Member.

About 1 percent of the drainage area upstream from the Cash 
station consists of exposed rocks of the Arikaree Formation and 
White Kiver Group. The White River Group overlies both the Fort 
Union and Hell Creek in the western part of the basin (Gill and 
Moore, 1955, p. 252). The Chadron and Brule Formations of the 
White River Group are restricted mostly to the Slim Buttes area, 
but a few small remnants remain on the tops of several otl °,r buttes. 
The lower part of the Chadron Formation consists of medium-yellow 
to dark-yellowish-orange sandstone and siltstone, and the upper part 
is mainly white sandstone and light-olive-gray bentonite. The Brule 
Formation is composed of well-cemented sandy claystone and tuff- 
aceous sandstone. The Arikaree Formation consists .mostly of 
yellowish-gray tuffaceous sandstone and locally contains basal 
beds of conglomerate.

The water of Shadehill Reservoir is a mixture of waters of the 
North Fork and South Fork, and the waters of each forlr, in turn, 
are mixtures of waters draining from several different types of



CHEMICAL QUALITY OF THE WATER 23

rocks. Of the 3,120 square miles of drainage area upstream from 
Shadehill, about 30 percent consists of exposed Hell Creel- and about 
70 percent consists of exposed members of the Fort Union Forma 
tion. The effect of the Hell Creek on the chemical composition 
(high residual sodium carbonate) of water in Shadehill Reservoir 
seems to be disproportionate to the area of the exposed formation. 
(See pi. 3.) However, this effect may be due to differences in the 
amounts of ground-water inflow to the streams from the Hell Creek 
and Fort Union Formations.

Approximate drainage areas of exposed formations upstream from the gaging
station at ShadehiH

Formation

Arikaree Formation and White River Group,

Fort Union Formation:

Hell Creek Formation. ______________

Area in square miles

Upstream 
from Cash 

station

16

75 
26 

500

730

Upstream 
from White 
Butte station

1

660 
120 
330

85

Downstream 
from Cash 
and Wife 

Butte stations

0

85 
130 
270

99

Upstream 
from 

Shadehill 
station

17

820 
270 

1,100

920

Flat Creek and East Flat Creek join near Shadehill upstream 
from where Flat Creek empties into the Grand River. The drainage 
basin of Flat Creek is in the Tongue River Member in the upper 
reaches and in the Cannonball Member in the lower reaches. The 
drainage basin of East Flat Creek is mostly in the Cannonball 
Member. Waters from East Flat Creek and Flat CreeV Lake are 
of the sodium sulfate type, but the percentage of sodium plus 
potassium is about equal to the percentage of calcium plus 
magnesium.

Downstream from Shadehill, water samples from tributaries of the 
Grand River that drain areas of exposed Hell Creek Formation 
are of the sodium siilfate type; however, the percentage of sulfate 
is only slightly greater than the percentage of bicarbonate. In the 
upper part of the basin, water from areas of exposed Hell Creek 
are of the sodium bicarbonate type. The reason the waters from 
the two areas differ is that the waters collected from an unnamed 
tributary near Athboy, Willow Creek near Morristown, and Hump 
Creek near Mclntosh, all downstream from Shadehill, represent 
surface runoff, and the waters collected from upper South Fork 
and Sand Creek represent ground-water inflow. Analyses of water 
from two wells in the Hell Creek indicate that the ground water
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is of the sodium bicarbonate type and increases in dissolved solids 
with depth (table 2).

TABLE 2. Results of chemical analyses of ground water from the Hell Creek 
Formation in the eastern part of the basin

Location

SWKsec. 1, T. 20N..R. 18 E_  

NEH sec. 24, T. 20 N., B. 18 E...

Depth of
well (ft)

30

80

Dis
solved
solids
(ppm)

732

1,260

Equivalents per million

Calcium
and mag 
nesium

2.26

.22

Sodium
and potas 

sium

9.39

20.06

Bicarboi-
ate and 

carbonate

7.19

12.22

Sulfate,
chloride, 

and nitrate

4.76

8.82

High percent sodium is typical of almost all the water in the Grand 
River basin. Most of the surface water is of the sodium sulfate 
or sodium bicarbonate type. Ground waters, however, generally 
contain greater proportions of bicarbonate than sulfate.

In the eastern part of the basin the Pierre Shale and the Fox Hills 
Sandstone are exposed. The Pierre Shale consists principally of 
very dark gray to black clay and shale. Beds of marl ard impure 
chalk, as well as calcareous and gypsiferous concretions, are in the 
formation. Bentonite, an alteration product of volcanic dust, occurs 
in thin beds and is interspersed in the shaly facies. In general, the 
Fox Hills Sandstone consists of brown to yellow fossiliferous sand 
stone and sandy shale. In some exposures the basal beds cf the Fox 
Hills consist of sandy shale that is gradational from the dark-gray 
shale of the underlying Pierre. In some exposures, however, a 
distinct difference in color and texture marks the contact between 
the two formations.

Water that drains from the Fox Hills Sandstone is similar in type 
to water that drains from the Hell Creek Formation ercept that 
water from the Hell Creek generally is more mineralized. Water 
from Stink Creek near Bullhead is a mixture of water from the Hell 
Creek Formation and Fox Hills Sandstone.

Water draining from areas of exposed Pierre Shale generally has 
higher dissolved-solids concentration than water draining from areas 
of other formations in the basin. Because the Pierre Shal° contains 
the minerals gypsum, calcite, and pyrite in quantity, the water drain 
ing from it is of the calcium or sodium sulfate type. Generally the 
percent sodium is somewhat lower in water draining from the Pierre 
Shale than in water draining from the Hell Creek and other forma 
tions in the basin. The analyses in the following table are for 
waters from a well in alluvium, which was derived mostly from 
the Pierre Shale, and from Snake Creek, which drain? an area 
of exposed Pierre Shale.
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Chemical characteristics of water from areas of exposed Pierre Shale

Origin of water sample

Well, Little Eagle Day School, Little

Dissolved 
solids 
(ppm)

2,510 
1,540

Equivalents per m'llion

Calcium 
and 

magne 
sium

19.80 
14.98

Sodium 
and potas 

sium

19.21 
7.54

Bicarbon 
ate s.nd 

carbonate

1".41 
1.57

Sulfate. 
chloride, 

ant nitrate

28.98 
21.59

The chemical quality of the water that is contributed to the 
Missouri River by the Grand River depends mainly on tl °- action of 
weathering on the Fort Union and Hell Creek Formations. The 
areas of outcrop of the different formations are indicative of their 
relative importance to the quality of water. However, the effects 
of the different formations are not necessarily proportional to their 
areas.

Approximate drainage areas of the exposed formations in the Grand River basin

Drainage
area 

(«? mi)

17
Formation

Arikaree Formation and White River Group undifferentiated 
Fort Union Formation:

Tongue River Member_________________________________________ 1, 000
Cannonball Member.__________________________________________ 440
Ludlow Member_____________________________________________ 1, 100

Hell Creek Formation____________________________________________ 2, 200
Fox Hills Sandstone_____-__________________..______________________ 620
Pierre Shale__ __________________________________ 280

RELATION TO STREAMFLOW

The patterns and characteristics of streamflow affect tli?, chemical 
characteristics of the water in the streams; two of the most 
important are velocity and quantity. Concentration of mineral 
constituents generally varies inversely with the stream velocity 
because the solution of minerals is more dependent on th0. time that 
the water is in contact with the rocks than on the stream energy. 
For example, if two streams are flowing over the same type of 
material, the one having the lower gradient will pick up the greater 
amount of dissolved solids from a unit area of stream channel. 
The quantity of streamflow is closely related to velocity and varies 
from day to day and hour to hour. Likewise, the chemical quality 
of the stream varies from day to day generally in inverse propor 
tion to the stage of the stream. The base flow, or lov^ sustained 
flow, of a stream is generally predominantly water that has entered 
the stream from the ground-water reservoir. This water has been 
in contact with rock and soil particles and has leached the soluble

723-432(
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minerals. At high stages the more mineralized ground water enter 
ing the stream is diluted by surface runoff. Figure 11 shows the 
differences in the mineral content and chemical composition of some 
of the streams at different streamflow rates.

The general streamflow-quality patterns of the Grand Eiver and 
its two forks are very similar. The dissolved-solids content varies 
greatly, especially at high streamflow rates (fig. 12). Nevertheless, 
the quality of the water clearly improves as streamflow increases. 
The dissolved-solids concentration is maximum during low-flow 
periods and generally does not exceed 3,000 ppm (parts per million).

Waters of the North and South Forks have about the same 
dissolved-solids concentration most of the time. Moreover, the 
waters at the five scheduled stations do not vary greatly in dissolved- 
solids concentration most of the time (table 3). DissoVed-solids 
concentration is maximum at low streamflow and minimum at high 
streamflow. Low flows are mostly from ground-water inflow, and 
during high flows the normal and base flows are diluted by overland 
runoff.

The effect of ground-water inflow and overland runoff on the 
chemical composition of the water is shown by figures 11 and 13. 
At flows of more than 1,000 cfs the water was of the calcium bicar 
bonate type, and at flows of less than 20 cfs the water TTas of the 
sodium sulfate type (fig. 13). For most flows the water in the 
Grand River at Shadehill was of the sodium sulfate type.

TABLE 3. Percentages of time concentration and streamfloiv were equaled or
exceeded

[Partly based on estimated data]

Station

North Fork Grand River at Haley, 1947-60. 
North Fork Grand River near White 

Butte, 1947-60 ---             .
South Fork Grand River near Cash, 

1947-60 .-         .  .
Grand River at Shadehill, 1944-49
Grand River near Wakpala, 1937-50 --.

Equaled or exceeded values for indicated percentage of time

Dissolved-solids concentration 
(ppm)

99 percent

190 

380

340 
262 
220

50 percent

1,670 

1,670

1,740 
1,480 
1, 250

20 percent

1,750 

1,830

2,500 
2,200 
1,400

Streamflow 
(c's)

1 percent

760 

1,100

850 
3,300 
7,200

50 percent

1.7 

4.4

11
25
47

80 percent

0.6 

.3

3.5 
5.7 
4.0

SHADEHILL RESERVOIR 

WATER IN THE RESERVOIR

After storage began in July 1950, the reservoir filled slowly until 
the spring runoff of 1952 and then filled rapidly. No water was 
discharged from the reservoir until April 4, 1952, when the water
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reached the spillway crest. (Because the water has never reached 
the emergency spillway, for convenience in this and following sec 
tions the term "spillway" refers to the service spillway.) Therefore, 
samples collected from the reservoir during the perioc1 of rapid 
filling represent the accumulated total runoff for 21 months from 
the upper Grand Eiver basin. The quality of the stored vater prob 
ably changed during the period because of evaporation, direct pre 
cipitation on the surface of the reservoir, solution, and possibly 
some precipitation of salts.

Before the closure of the dam, range lines across various parts 
of the reservoir were established by the Bureau of Reclamation (pi. 
4) for use in measuring sediment accumulations. Samples of water 
were collected at several different depths at each sampling site on 
the range lines. The sites were selected over the old stream channel 
and at as many other points along the range lines as war necessary 
for adequate sampling of the reservoir in the vertical. (See pi. 4.)

Samples of water from the reservoir at different sites r,nd depths 
defined lateral and vertical variations in the quality of the water. 
These samples, which were taken at different times during a period 
of several years at the same legations, show changes in the quality 
of water with season and with inflow.

Only during a relatively short time in the year is the dissolved- 
solids concentration of the inflow as low as that of the water in the 
reservoir. Except at the points of inflow and during floodflows, the 
water in the reservoir is well mixed and is uniform in composition.

Eunoff was below normal from July 1950 to March 1952. On 
March 7, 1952, Shadehill Eeservoir contained only 56,000 acre-feet 
of water mostly from low flows, and the specific conductance of the 
water was about 1,500 micromhos per centimeter and percent 
sodium was 79. By March 30, 1952, the spring runoff from snow- 
melt had begun to enter the reservoir. From March 30 to April 17, 
water entering the reservoir amounted to more than 327,800 acre- 
feet (the sum of the flows for the North Fork Grand Fiver near 
White Butte and the South Fork Grand Eiver near Cash). Because 
this water was mainly snowmelt, it was low in dissolved solids. 
Water discharging from the spillway outlet had decreased in con 
ductance to 472 micromhos per centimeter and in percent sodium 
to 74 by April 5. Conductance of the water in the spillway outlet 
decreased gradually to a low of 333 micromhos per centimeter by 
April 7, and percent sodium reached a low of 65 by April 9.

On April 17, 1952, the specific conductance of the water varied 
both horizontally and vertically. The horizontal variation of surface 
samples was not great; the conductance ranged only from 240 to 346
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micromhos per centimeter on range lines 1, 2, 4, and 21. However, 
the measured vertical variations in conductance ranged from 240 
micromhos per centimeter at the surface to 1,820 micromhos per 
centimeter near the bottom. The decrease in specific conductance 
from the bottom of the reservoir upward is similar to that noted in 
Lake Mead by Anderson and Pritchard (1951). The dilute flood- 
waters apparently moved over the top of the concentrated residual 
water and out the spillway without being entirely mixed. On April 
17 the water on the bottom at range lines 1 and 2 probably had 
been in the reservoir before the floodflows; at range lines 4 
and 21, the floodwater had displaced the residual water.

Although on March 7, 1952, the reservoir contained 56,000 acre- 
feet of water, by April 17 the surface of the reservoir was 20 feet 
higher than the spillway crest, and the reservoir contained 83,600 
acre-feet of floodwater below the spillway elevation. Because 2,200 
of the 83,600 acre-feet of floodwater was below the irrigation outlet, 
the 2,200 acre-feet would not be available for irrigation.

From March 31 through May 18, 1952, at least 340,000 acre-feet 
of water entered the reservoir, and probably about 75 per"/ent of this 
water of low specific conductance passed through the reservoir and 
out by way of the spillway. The reservoir was sampled on May 19, 
1952, after most of the excess water had passed from thQ* reservoir. 
Samples taken at different depths and locations on the range lines 
indicate that mixing of the water was fairly complete laterally but 
not vertically. Specific conductances in the deeper areas of the lake, 
along range lines 1 and 2, were constant to a depth of about 40 
feet and then increased rapidly with greater depth (fig. 14). The 
data collected on May 19 indicate that the boundary line between 
the dilute upper layer and the more concentrated lower layer of 
water was not horizontal but sloped slightly upward away from the 
dam. The fact that the water was still stratified 6 v^eeks after 
floodflows filled the reservoir can be explained by thQ, effect of 
temperature on the circulation of waters in reservoirs.

In a study of the hydrology of Indiana lakes, Perrey and Corbett 
(1956, p. 16) discussed the temperature data collected at Maxinkuc- 
kee, Ind., by Evermann and Clark (1920) as follows:

When lakes are open and water temperatures are between 32 T and 39.2 °F 
any tendency for the water to become warmer will increase itr density, as 
fresh water reaches its maximum density at 39.2°F; consequently, the heavier 
water will move downward and be replaced by colder and lighter water from 
below, thus maintaining a nearly constant temperature at the w^ter surface. 
Of course, if this process continues long enough, the whole body of water will



32 SURFACE WATERS, SEDIMENTATION, GRAND RIVER BASIN

eventually become warmed to 39.2 °F and the temperature at the water 
surface will gradually increase.

During the spring and summer months when the water temperature of the 
lake surface is above 39.2°F, daily variations of 6°, 8°, and 10°F in the water 
at the surface are not uncommon. These variations are possible because of 
a greater differential existing between surface temperatures pnd, those a 
short distance below the surface. The top few inches of water may be warmed 
very rapidly under the hot summer sun, and because the water becomes lighter 
as its temperature increases it will remain on top. Consequent!" there will 
be very little mixing with the water underneath, particularly or calm days.

On March 7, 1952, the temperatures measured in Shadehill Eeser- 
voir were from 38° to 4rO°F, which is near 39.2°F, the temuerature at 
which water reaches maximum density. On April 17, the water 
temperature was still near 39.2°F except at the surface where tem 
peratures were higher. On May 19, 1952, temperatures had risen 
from 10 to 20 degrees throughout the profile, and the wamest water 
was at the surface. On July 23, 1952, the water in the reservoir was 
almost uniform in chemical quality, and temperatures of the water 
at all depths were generally higher than those in May. The mix 
ing that took place between May 19 and July 23 was due to wave 
action and currents.

WATER DISCHARGED FROM THE RESERVOIR

After the reservoir began to spill on April 4, 1952, samples at 
the spillway outlet were collected daily, or at intervals of r, few days, 
when the water level was above spillway elevation. Samples were 
also collected at the irrigation outlet, usually when the water level 
was below spillway elevation. From available analyses of water 
in the reservoir and of water leaving the reservoir (table 4), the 
suitability of the water for irrigation and other uses can be 
determined.

Figure 15 shows that the spread between the maximum and mini 
mum conductances of the water in the reservoir from September 
1950 to October 1952 was only slight until the end of March 1952. 
When the reservoir started to spill in early April, the more dilute 
water in the top part of the reservoir (see fig. 14) was discharged 
through the spillway outlet. Water discharged through the spillway 
was not representative of all the water in the reservoir until July 
when mixing in the reservoir was complete. The max; mum and 
minimum specific conductances as represented by the lines in figure 
15 gradually began to converge in April 1952; the conductance of 
water in the reservoir and the conductance of the water discharged 
through the spillway were the same by late July.
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TABLE 4. Weighted-average chemical analyses, Grand, River near 
Shadehill, 8. Dak.

[Samples collected at reservoir outlets. Mean discharge at gaging station, 1 mile downstream from dam. 
Results in parts per million except as indicated]

Water year

1852»*-. ....
1853 * ..... 
18541*.,.....
18555... ......

1956 *_..__ ....
1857 *   ... .
1858*..... ....
1958*... _ ...
I960* . _ ..

Water year

19521 '.... 
1953 » __ ....
1954 1 *.......
1955 » __ ...

1956 * __ ...
1957*..   
1958*........
1959 i. .......
1960 *     

Mean 
stream- 

flow 
(cfs)

380 
115 
23.4
7.36 

25.6
30.2
20.5
27.9
32.2

Silica 
(SiOj)

5.1

Cal 
cium 
(Ca)

32

Mag 
nesium 
(Mg)

17

Dissolved solids

Residue 
on evap 
oration 

at 180° C

256

667 
812

858 
915 
955

973

Tons per 
acre-foot

0.35

.91 
1.10

1.17 
1.24 
1.30

1.32

Tons per 
day

42.1

59.3 
74.6 
52.9

85.1

So 
dium
(Na)

56

177 
221

232 
257 
274 
299 
291

Hard 
ness as 
CaCO3

56

147 
151

147 
147 
144 
141 
132

Potas 
sium 
(K)

7.5

Bicar 
bonate 
(HC03)

6354

8367 
«397 
6412 
*437 

423

Noncar- 
bonate 
hard 
ness as 
CaCOs

0

0 
0 
0 
0 
0

Sulfatp 
(S04)

337

347

Percent 
sodium

69

72 
76

76 
79 
81 
82 
83

Chlo 
ride 
(Cl)

4.6

Sodium- 
adsorp 

tion ratio

3.3

6.4
7.8

8.3 
9.2 
9.9 

11 
11

Boron
(B)

0.32

.35 

.39

Specific 
conduct 

ance 
(micro- 

mhos per 
cm)

374 
1858 
1,030 
1,230

1,290 
1,360 
1,420 
1,510 
1,440

i Includes estimated data.
8 Analytical results represent 99.9 percent of flow for water year.
s Analytical results represent 99.8 percent of flow for water year.
  Analytical results represent 100 percent of flow for water year.
  Analytical results represent 97.0 percent of flow for water year.
  Includes carbonate as bicarbonate.

From September 1950 to April 1952 while the reservoir was filling 
to spillway level, the quality of water in the reservoir improved in 
the late winter and spring and deteriorated in the summer and fall 
(fig. 16). During this period specific conductance ranged from about 
350 to 2,300 micromhos per centimeter. After the reservoir filled, 
the quality of the water became almost uniform throughout the 
reservoir by the latter part of July 1952, and the specific conductance 
of the water gradually increased and became relatively stable in 
1956. Thereafter, the specific conductance fluctuated from about 
1,300 to 1,600 micromhos per centimeter and was between 1,400 and 
1,500 micromhos per centimeter most of the time (fig. 16). The 
gradual increase of specific conductance was affected very little by 
seasonal changes in the quantity and quality of the inflow. The 
below-normal inflows of the 1954, 1955, and 1956 water years may 
have lessened the time required for the quality of the ^ater in the
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reservoir to reach probable maximum concentration after the abnor 
mally high flows in the spring of 1952. However, the pi ope of the 
specific-conductance curve in figure 16 is fairly uniform for the 
water years 1953-55.

CHEMICAL-QUALITY RECORDS

In addition to samples collected at scheduled station^ (fig. 17), 
one or two samples have been collected on most of the remaining 
principal streams in the basin. (See pi. 1.) Chemical analyses of 
samples from scheduled stations are published in the annual series 
of U.S. Geological Survey water-supply papers entitled "Quality of 
Surface Waters of the United States," and chemical analyses of 
samples from unscheduled stations are given in table 5. Analyses 
furnished by the Bureau of Reclamation for the period C "tober 1941 
to September 1945 are given in table 6.

Periods of streamflow records are given in table 1. The mean 
annual runoff was greater for the periods represented by the 
chemical-quality records than for the period July 1, 1937, to June 30, 
1950, which is probably representative of the long-term period.

1945 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960

EXPLANATION

Infrequent sampling Periodic sampling Daily sampling

FIGURE 17. Duration of chemical-quality records and sampling frequency at scheduled
Btations.
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TABLE 6. Chemical analyses by the U.S. Bureau of Reclamation
[Results in parts per million except as indicated]

Date
S
§s
S3

03

"OS 

O

Calcium

a
 s
§60
w)Ss~

"3 
£

Sodium

M

£

12 ̂ v
BicarboE (HCOa

SCarbona (C03)

6
o

O)

O
o

Cholorid

6
fc
Nitrate (

-a
1

2-3
w?
O M

EH
|i

g

eSll
CClrrt S O
'^^ rt "^ t-rlisa
<x> a

Grand River at Shadehill, S. Dak.

Oct. 9, 1941.. __
Dec. 1-.. .......
Jan. 19, 1942 .....
Mar. 17-... __ .
Apr. 11..........

July 20. .........

Apr. 12, 1943.. _
Mar. 14, 1945. ...

May 29..........

June 23._ ........

July 7... ........
July 24.. ........
Sept. 20... ......

20
15
15 
25
20

160
160

15
123

7,450
176
60

210
306
540

55
30
32
47
14

23
W,
66 
16
?8
4?,
?4
58
39
22

33
51
fiS
36
44
68
31
18
191

Q n
22
43
5.8

11
12
9 A

13
23
5.4
5.5

21
28
27
20
30
30
28
17
16

142
448
711 
79

251
205
285
246
174
34
35

430
393
382
331
455
264
517
580
621

9 n
18
58 
12

243
515
921 
160

140
134
527
442
421
364
468
423
578
665
690

0
36
24 
0

0
0

19
23
20

4
36
10
24
35
58

203
615

1,090 
102

40
35

629
687
653
552
764
467
759
730
735

4.3
12
30 

1.8

.0
7.1

16
11
11
11
16
3.5

18
16
21

6.2
3.7
4.3 
5.0

0
1
1
1
2
4
1
2
1
2
1

56C
1,452
2,48? 

364
83C
784
972
926
658
214
184

1,454
1, 442
1,400
1,174
1,642
1,084
1,690
1,754
1,842.

75
85
79 
68
82
75
86
73
66
49
52
85
78
76
81
81
66
92
92
93

885
2,100
3,400 

533
1,260
1,150
1,460
1,420
1,010

299
285

2,072
2,038
1,947
1,700
2,277
1,537
2,420
2,540
2,680

7 7
a 6
7.8 
7.07 a
a i
7 7
7 9
8 3
7 4
7 7
8 2
a 3
a i
a i
a 4
a o
a 3
a 6
a i

Grand River near Wakpala, S. Dak.

Oct. 10, 1941.....

Jan. 21, 1942..... 
Mar. 17  _ ....
Mar. 21  .......
Apr. 10...... .

July 28..... ... ..
Nov. 5... .__.____
Apr. 20, 1943 ..

40 
50
40 

330
475
350

3,000
1,180

25
100

23
37
97 
31
27
20
M
34
17
65

6.7 
23
54 
8.6
5.8
4.4
7.1
7.5
15
11

138 
343
651 
102
171
78
99
115
515
193

7.8 
32
63 
13

242 
395
744 
157

0
24
21 
0

183
576

1,170 
188

6.0 
14
29
7.1

5.0 
3.1
8.7 
16

530 
1,274
2,646 

494
658
314
434
512

1,536
838

76 
76
72 
63
80
72
69
68
92
67

878 
1,740
3,330 

711
864
460
686
730

2,270
1,190

7.7
a 3
7.6
7,5
8 7
a i
7 6
7 a
a 5
a i

EXTENSION OF RECORDS

Mean water discharges at Shadehill for each month from July 
1937 to February 1943 were estimated from a relation of measured 
mean streamflow for each month from March 1943 to June 1950 
for Grand River at Shadehill and near Wakpala. (PQ.e fig. 10.) 
Chemical-quality records for the period July 1937 to June 1950 were 
computed for Grand River at Shadehill from chemical-quality data 
collected after October 1945 and from measured and estimated 
monthly mean streamflows for the period.

Specific conductance was plotted against streamflow (fig. 18) 
and against parts per million of sodium, bicarbonate plrs carbonate, 
and sulfate (fig. 19). From the curves and mean streamflows, 
monthly chemical-quality records were computed for the Grand 
River at Shadehill, and weighted averages for each year and for 
the period were computed (table 7). Yearly weighted averages
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for July 1945 to June 1950 that were computed compare favorably 
with weighted averages that were measured. (See table 7.)

TABLE 7. Chemical quality of Grand River at Shadehill

Fiscal year
Mean

stream-
flow
(cfs)

Specific
conduct

ance
(micro-
mhos

per cm)

Calcium
plus

magnesium
as CaCOs

Ppm Epm

Sod ium
(Na)

Ppm Epm

Bicarbonate
plus

carbonate
as HCOs

Ppm Epm

Sul Fate
(S04)

Ppm Epm

Per
cent

sodium

Sodium-
adsorp-

tion-
ratio

Computed, July 1937 to June 1950
[Chemical-quality records are based on data collected after October 1946 and streamflow records; streamflows 

before March 1943 are based on streamflow measured at Wakpala]

1938.      ,_
1939       
1940...........
1941  . __
1942      

1943      
1944   ......
1945. .........
1946  ........
1947    .

1948       
1949... _ .....
1950      

1938-50 .....

65
124
44
93
98

231
411
177
31

283

105
178
542

183

1,430
1,060
1,570
U110
1,300

900
560
930

1,880
820

1,270
820
440

814

122

133
123
122

105
86
110
156
107

126
108
78

101

2.4
2.4
2.7
2.5
2.4

2.1
1.7
2.2
3.1
2.1

2.5
2.2
1.6

2.0

281
1CM1

313
201
245

155
85

168
387
136

240
136
63

140

12.2
8.3
13.6
8.7
10.7

6.7
3.7
7.3
16.8
5.9

10.4
5.9
2.7

6.1

420
310
457
326
377

267
176
282
546
245

371
246
146

246

6.9
5.1
7.5
5.3
6.2

4.4
2.9
4.6
8.9
4.0

6.1
4.0
2.4

4.0

403
290
442
307
361

242
132
254
529
217

350
216
97

212

8.4
6.0
9.2
6.4
7.5

5.0
2 7
5.3
11.0
4.5

7.3
4.5
2.0

4.4

84
78
83
78
82

76
69
77
84
74

81
73
63

75

11
7.6
12
7.8
9.8

6.5
4.0
7.0

13
5.8

9.3
5.6
3.0

6.1

Measured, July 1945 to June 1950
[Chemical-quality data for July, August, and September 1945 estimated; October 1949 to June 1950

partially estimated]

1946   ....
1947      
1948      
1949...........
1950       

1946-50    

31
283
105
178
542

228

1,760

1,290
567
448

656

108

136
88
78

93

2.2
2.2
2.7
1.8
1.6

1 9

375
1OQ

255
93
fid

109

16.3
5.4
11.1

2.8

4.7

520
OQQ

383
176

205

8.5
3 Q

6 3
2.9
2.4

3.4

491

361
142
99

163

7.5
3.0
2.1

3.4

88
71
80
69
64

71

16
5.
9.
4.
3.

4.

The weighted-average analysis indicates the chemical character 
of the water if all the water passing through a cross section in the 
stream during the year or period were impounded and mixed in a 
reservoir and if no water were lost by evaporation or were added 
by direct precipitation. Although table 7 indicates that the long- 
term average specific conductance of water in Shadehill Reservoir 
might be about 800 micromhos per centimeter, the concentration of 
dissolved solids in a reservoir would be likely to increase through 
evaporation and by the passage of dilute floodwater through the 
spillway before mixing with residual water. The concentration 
in the reservoir could be expected to increase through the years 
until a relatively stable concentration was reached, and this con 
centration would be higher than that indicated by a weighted- 
average concentration of the inflow. Data on the quality of water 
in Shadehill Keservoir for the water years 1951-60 indicate that
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the average specific conductance of the water in Shadehill Reservoir 
will probably be substantially greater than 800 micromhos per 
centimeter.

Data on the quality of water in Shadehill Reservoir indicate that 
the specific conductance ranges from about 1,400 to 1,500 micromhos 
per centimeter most of the time. (See fig. 16.) Between December 
1955 and September 1960 the specific conductance at the spillway 
was usually not less than 1,200 micromhos per centimeter and did 
not exceed 1,630 micromhos per centimeter. Runoff during most of 
this period had been below normal; consequently, tl °> dissolved - 
solids concentration of the water in the reservoir probably was 
above normal.

Data in table 7 were used to compute the quality of water in 
Shadehill Reservoir if the date of closure had been on July 1, 1937 
(table 8). The period July 1, 1937, to June 30, 1950, is probably 
representative of a long-term period. The yearly inflows, residual 
water, and specific conductance were adjusted for evaporation, 
outflow through the service spillway, and releases through the irri 
gation spillway. An average factor of 1.83 feet net evaooration was 
applied to the surface area of the reservoir. This average factor 
was based on the long-term (1898-1945) net evaporation as calcu 
lated by the Corps of Engineers (written communication) for the 
Oahe Reservoir. Shadehill Reservoir releases for irrigation, when 
available, were estimated to be 29,100 acre-feet per ye,<\r. For the 
period July 1937 to June 1950 the specific conductance of the reser 
voir water would have ranged from about 900 to 1,500 micromhos 
per centimeter after the reservoir was filled to a level that would 
be sufficient to meet demands for irrigation water. The weighted- 
average specific conductance of the reservoir water for the period 
would have been about 1,200 micromhos per centimeter, or the 
dissolved solids would have been about 840 ppm (fig. 20). The 
minimum and maximum for the period would have been 74 and 83 
for percent sodium and 6.4 and 12 for sodium-adsorption-ratio, and 
the average would have been 77 percent and 7.7, respectively. 
The measured specific conductance, dissolved solids, percent sodium, 
and sodium-adsorption-ratio of water leaving the reservoir in July 
1960, after several years of abnormally low flow, were 1,400 micro- 
mhos per centimeter, 955 ppm, 82 percent, and 11, respectively.
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TABLE 8.- -Computed quality of water in Shadehill Reservoir, July 1931 to 
June 1950

[July 1937 to June 1950 Is considered to be representative of a long-term period. Chemical quality of inflow 
is based on data collected after October 1946 and streamflows; streamflows before March 1943 are based 
on streamflows measured at Wakpala]

Fiscal year

1938.-      
1939      .
1940---     
1941 -   

1942.............
1943--      
1944..-    ......
1945-        
1946.-.       

1947..-    .-...
1948-.        
1949.-.       
1950--        .

1938-50- __ ..-..

Inflow 
(acre-
feet)

23,700
45,500
16,100
33,900

35,800
84,300

150,000
64,600
11,300

103,200
38,400
65,000

197, 800

869,000

Specific 
conduct 
ance of 

inflow (mi-
eromhos 
per em)

1,430
1,060
1,570
1,110

1,300
900
560
930

1,880

820
1,270

820
440

814

Reservoir 
releases

0
2,950

10, 430
97 finn

29,100
29,590

112, 100

31,600

65,300
29,600
56,200

639, 270

Estimated 
net evapo 

ration

Acre-feet

3,100
4,950
5,670

6,480
8,800
8,800
8,800
8,800

8,800
8,800
8,800
8,800

96,900

Reservoir 
contents

20,600
58,200
58,200

58,420
104,330
133,430
133,430
104,330

133, 430
133,430
133, 430
133. 430

Specific 
conduct 
ance of 

reservoir
water (mi- 
cromhos 
per cm)

1,640
1,330
1,530
1,450

1,520
1,150

930
1,000
1,170

1,080
1,210
1,180
1,050

1,170

Percent 
sod !um

83
80
81
70

80
78
75
75
76

75
77
76
74

77

Sodium- 
adsorp
tion-ratio

12
9.2

10
9.5

10
7.9
6.4
6.7
7.7

7.0
7.9
7.5
6.6

7.7

DISSOLVED-SOLIDS DISCHARGE

The total dissolved-solids content of a stream is usually expressed 
in terms of concentration. Because most dissolved solids impart 
no color to the water, the large quantities carried by streams are 
not readily apparent. However, the transportation of material in 
solution is an important part of the overall degradation of the land 
surface. Actually, the dissolved-solids discharge of many streams 
exceeds the sediment discharge manyfold. The quantity of dis 
solved solids transported by a stream is proportional to the product 
of the concentration of the dissolved solids and the streamf ow. Al 
though a large river may have low concentrations of dissolved solids, 
the total dissolved-solids discharge is a very large quantity.

The dissolved-solids discharges at five locations in the basin (table 
9 and fig. 21) were estimated from chemical-quality and stream- 
flow records. The computation procedure is indicated by table 10. 
The quantity passing the station near Wakpala for the long-term 
representative period July 1937 to June 1950 was 140,000 tons per 
year. The yield from the basin as measured at the station near 
Wakpala was about 25 tons per square mile per year. For the 
stations at Haley, near White Butte, and near Cash for 1947-60 the 
computed annual yields were about 22, 28, and 25 tons pe.r square 
mile, respectively. At Shadehill for 1944-49, the computed annual 
yield was about 28 tons per square mile.
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TABLE 9. Summary of estimated dissolved-solids discharge for stations in the 
Grand River drainage basin

[Estimated from duration curves of streamflow for periods shown and on the relation between streamflow 
and dissolved-solids concentration]

Station

North Fork Grand River at Haley, N. Dak., 1947-60

North Fork Grand River near White Butte, S. Dak.,

South Fork Grand River near Cash, S. Dak., 1947-60

Grand River at Shadehill, S. Dak., 1944-49 water

Grand River near Wakpala, S. Dak., July 1937-June 
1950                     _. ................

Mean 
streamflow 

(cfs)

37 

71 

64 

175 

400

Dissolved-solids discharge

Tons 
per day

30 

91 

93 

238 

384

Tens 
per year

11,000 

33,000 

3* 000 

8^,000 

141.000

Tons 
per sq mi 
per year

22 

28 

25 

28 

25

TABLE 10. Estimated dissolved-solids discharge of Grand River at Shadehill, 
S. Dak.. 19M-49 water years

[Estimated from duration curve of streamflow for period and on the relation between streamflow and dis 
solved-solids concentration]

Time limits
Time 

interval
Mean of 
interval

Percent

0.00-0.02..... .........
.02-.1..... ............
.1-.5-  . ..... ......
.5-1.5.................
1.5-5.0....... .........

5-15 __ ..............
15-25..  . ...........
25-35..  ............
35-45       
45-55 __ . ____ . ....

55-65.       
65-75................
75-85.      

0.02 
.08 
.4 

1.0 
3.5

10 
10 
10 
10 
10

10 
10 
10

0.01 
.06 
.3 

1.0 
3.25

10 
20 
30 
40 
50

60 
70 
80

Streamflow
Increment 

of mean 
streamflow

Cubic feet per second

24,000 
17, 000 
8,600 
3,300 
1,200

230 
96 
56 
36 
25

17 
11 
5.7

4.8 
13.6 
34.4 
33 
42

23 
9.6 
5.6 
3.6 
2.5

1.7 
1.1 
.6

Dissolved solids

Concentra 
tion (ppm)

168 
170 
182 
262 
490

830 
1,000 
1,160 
1,310 
1,480

1,650 
1,860 
2,200

Disci arge
Increment 

of mean 
discharge

Tons per day

10,886 
7,803 
4,226 
2,334 
1,588

515 
259 
175 
127 
99.9

75.7 
55.2 
33.9

2.18 
6.24 

16.9 
23.3 
55.6

51.5 
25.9 
17.5 
12.7 
9.99

7.57 
5.52 
3.39

Mean streamflow____.____________.._________________.____cfs_- 175 
Dissolved-solids concentration (Computed from dissolved-solids discharge and streamflovO- ppm.. 504 
Dissolved-solids discharge_____.._______________________tons per day.. 238

tons per year. - 87,000
tons for period- 522,000

tons per sq mi per year  28

The dissolved-solids discharges in tons per square mile per year 
given in table 9 are fairly uniform because they are for cumulative 
drainage areas; however, the discharges for small areas are not so 
uniform. For example, the annual yield was 22 tons per square 
mile from the area upstream from Haley but was 32 tons per 
square mile between Haley and the White Butte station. Differ 
ences in yields are caused by a combination of factors principally, 
differences in slope, geology, and proportion of the ground-water
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inflow to total surface-water outflow. The North Fork upstream 
from Haley has a slope of 11 feet per mile, and most of the inter 
vening reach between Haley and the White Butte station has a 
slope of about 5.5 feet per mile. (See pi. 2.) The Hell Creek For 
mation and the Ludlow, Cannonball, and Tongue River Members 
of the Fort Union Formation underlie about 17, 54, less than 1, and 
29 percent, respectively, of the drainage area upstream from Haley. 
These same formations underlie less than 1, 8, 17, and 75 percent, 
respectively, of the intervening area between Haley and the White 
Butte station. (See pi. 3.)

WATER QUALITY AND USE

Water is unquestionably one of the most widely used resources of 
our land. The adjectives good and bad are often used to describe 
waters; however, whether a water is good or bad depends on how 
the water is to be used. For example, a high-sodium water may be 
bad for irrigation use but good for domestic use.

DOMESTIC USE

Concentrations of iron, chloride, and fluoride in the surface waters 
of the Grand River basin are well below the maximum concentra 
tions recommended by the U.S. Department of Health, Education, 
and Welfare (1962). The limits in the following table have been 
recommended for all public water supplies as well as for water 
supplies used by interstate carriers subject to U.S. Public Health 
Service regulations:

Maximum 
concentration

Constituent (ppm) 
Iron___________________________________ 0.3 
Manganese___________________________    .05
Sulfate_______________________________. 2PO 
Chloride_________________________________ 2PO 
Fluoride_________________________________ * 1.5 
Dissolved solids____________________________. 5CO 

1 Based on temperature records for Lemmon, S. Dak.

Sulfate and dissolved solids in most of the streams exceed the 
maximum except during high flows. Impoundments, which would 
be required for a dependable supply of water, would improve the 
sulfate composition of the water for most of the year by diluting 
the water of high concentration. For example, in the 1P52 water 
year the water of the North Fork Grand River at Haley contained 
as much as 1,490 ppm of sulfate for a streamflow of 3 cfs but only 
18 ppm for a streamflow of 11,080 cfs. The weighted-average con 
centration of sulfate for the water year was 49 ppm.

Shadehill Reservoir has been proposed as a source of public 
water supply for Lemmon, S. Dak. Concentrations of sulfate and
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dissolved solids exceed the limits recommended; usually sulfate 
is present in concentrations of 350 to 450 ppm, and dis^olved-solids 
concentration is about 900 to 1,000 ppm.

A comparison of the classification of hardness in tH following 
table and chemical analyses of the surface water shows that most 
of the water in the Grand River basin is hard or very hare1 .

Hardness 
(ppm) Rating Viability

0-60 Soft______________ Suitable for many uses without further
softening.

61-120 Moderately hard___r Usable except in some industrial applica 
tions. Softening profitable for laundries. 

121-180 Hard_____________ Softening required by laundries and some
other industries. 

181 + Very hard __________ Softening desirable for most pnrposes.

INDUSTRY

The mineral constituents in water and the properties and charac 
teristics of water determine if the water is suitable for industrial 
use. Water-quality tolerances for some industrial applications are 
given in table 11. In the Grand Eiver basin any large quantity of 
water for processing would require impoundment, such as in the 
Shadehill Reservoir. Comparison of the chemical analyses of the 
Grand River near Shadehill (table 4) with the data in table 11 will 
indicate the possible industrial application of the water.

The turbidity of water is due to suspended inorganic and organic 
material. Because the turbidity of the water in Shadehill Reservoir 
is usually low, it would not adversely affect the use of the water 
for industry.

The dissolved solids and hardness of most of the surface waters 
of the Grand River basin prevent the use of tl Qse waters 
for most industrial purposes unless the quality is first improved by 
treatment.

IRRIGATION

The successful use of water for irrigation depends on many factors, 
such as: texture, structure, and internal drainage of the soil and 
subsoil; management of the soil or farming practices; crops; cli 
mate; and the chemical quality of the water. High concentrations 
of total dissolved solids in the water may drastically reduce crop 
yields by decreasing the ability of plants to take water and essential 
plant nutrients from the soil solution and by adversely effecting the 
soil structure. The importance of individual ions deperds on their 
effect on the structure of the soil, their physiological effect on the 
plants, and their combination with other ions after the water is ap 
plied to the land.
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The sodium ion and its relation to other ions is generally of most 
concern. The U.S. Salinity Laboratory Staff (1954) has made ex 
tensive studies of the sodium problem and has set up criteria for 
predicting the suitability of the water for irrigation on various soils 
and various types of crops. The Salinity Laboratory Staff also 
introduced the sodium-adsorption-ratio (SAR) as a measure of the 
sodium or alkali hazard of water used for irrigation and prepared a 
diagram for classifying water with respect to salinity hr.zard and 
sodium hazard on the basis of specific conductance and SAR. The 
criteria and classification system of the Salinity Laboratory are used 
in the following discussion.

The surface waters throughout the Grand River basin are similar 
in quality; therefore, the water of Shadehill probably is typical and 
representative of water that might be impounded anywhere in the 
basin. The annual weighted averages of conductance and SAR 
for several years for the water of Shadehill Reservoir are shown on 
figure 22. The location of the points on the diagram indicates that 
the water has a high-salinity hazard and a medium- to high-sodium 
hazard. According to the U.S. Salinity Laboratory criteria, water 
having a high-salinity hazard should be used only on well-drained 
soils and on crops having a good salt tolerance. Even under these 
conditions, special management for salinity control may be required. 
Water having a medium-sodium hazard is generally satisfr.ctory for 
use on coarse-textured soils, but it may be troublesome or fine-tex- 
tured soils unless gypsum is present in the soils or is added to the 
water or the soil.

Original plans by the Bureau of Reclamation (written communi 
cation) for development of irrigation in the Grand River basin were 
for irrigation of about 23,700 acres of land in the main stream valley 
in Perkins and Corson Counties, S. Dak., which included land in the 
Standing Rock Indian Reservation. Although 66,000 acres of land 
in the basin can be classified as irrigable, the water from tl Q, surface 
supply would be sufficient for the development of only about 24,000 
acres. Shadehill Reservoir, which was completed in 1950, and Blue 
Horse Reservoir, which was to be constructed downstream from 
Shadehill, were to supply the water to the irrigable land. About 
9,900 acres, mostly on the north side of the river between the two 
reservoirs, were to be irrigated.

Early in the planning for the Shadehill unit of the Grand Division, 
the Bureau of Reclamation recognized that the water to be stored 
in Shadehill Reservoir could cause problems when used for irriga 
tion; J. T. Maletic and W. H. Yarger (Bureau of Reclamation, 
written communication) summarized the basic problem as follows:
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100 2 345678 1000 2 34 5000

100 250 750 2250
Conductance, in Micromhos per centimeter at 25° Centigrade

SALINITY HAZARD

EXPLANATION
x

Observed annual weighted averages for 
Grand River near Shadehill, 1952-60

 
Computed annual weighted averages for 

Shadehill Reservoir, 1938-50

FIGURE 22. Classification of water from Shadehill Reservoir for irri-ation use (dia 
gram from U.S. Salinity Laboratory Staff, 1954).

723-432 O 64   5
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Irrigation with the poor quality of water available from the Shrtfehill Res 
ervoir may result in excessive deterioration of soil structure caused by an 
increase in the ESP level of the soils. This increase will be related to: (1) 
SAR [sodium-adsorption-ratio], RSO [residual sodium carbonate], and con 
centration of the irrigation water, (2) reactions in the soil that tend to solu- 
bilize calcium, (3) cropping practices including use of fertilizers, organic 
matter and chemical amendments, (4) irrigation practices including amount 
of leaching, and (5) climatic influences such as rainfall and frost action.

In 1952 the Shadehill Development Farm was established to at 
tain the threefold objective (Bureau of Reclamation, written 
communication):

To determine the effect of the application of low-quality irrigation water 
from Shadehill Reservoir upon the accumulation of salts and alkali in the 
soils of the Shadehill Unit and upon crop production.

To determine the effect of leaching and chemical amendments upon the 
movement of water into and through the root zone, and upon the removal of 
exchangeable sodium and soluble salts.

To compare irrigated and dryland crop production.

Data from the Development Farm for 1952-59 show that the 
sodium-adsorption-ratio and residual sodium carbonate of the 
irrigation water ranged from 3.5 to 12 and 1.0 to 6, respectively. 
Although water was best for irrigation during the first 2 years of 
operation, the exchangeable-sodium percentage in the soils in 
creased as the result of the use of the water. At the erd of the 
1958 irrigation season, the upper 12 inches of the soils in the plots 
that were not treated with gypsum had an exchangeable-sodium 
percentage of about 10. The increase of exchangeable sodium in 
the soils of the Development Farm is shown in table 12. The values 
for exchangeable sodium in table 12 can be changed to approxi 
mate exchangeable-sodium percentage by dividing by 20 (the soils 
in the Shadehill Project have exchange capacities between 20 and 
24) and multiplying by 100. The highest exchangeable-socHum per 
centage (12.8 percent) was in 1959 in the 6- to 12-inch soil zone of 
the plot for frequent irrigation at field capacity. The sodium in 
the upper 18 inches was still increasing in the later years but at a 
slower rate than in the earlier years.

In December 1959, representatives of the Bureau of Reclamation 
(written communication), the State Agricultural Experiment Sta 
tion, and the Agricultural Research Service reviewed tr°, water- 
quality data and the data from the Development Farm and con 
cluded that water from Shadehill Reservoir could be used safely 
for sustained irrigation on the coarser textured and well-drained 
soils of the irrigation unit if irrigation practices were carefully con 
trolled and if provision was made for periodic addition of gypsum.
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TABLE 12. Annual summary of exchangeable sodium content (milliequivalents 
per 100 grams) ~by increments of depth

[ From Bur. Reclamation, written communication. 1958 was the last year of scheduled irrigation treatments]

Depth (inches) 1952 1953 1954 1955 1956 1957 1958 1959

No irrigation

0-6. __ ... . _
6-12         
12-18       
18-24       
"M  an
30-36-       

0.19
.21
.21
.22
.24
.24

0.32
.31
.19
.19
.16
.18

0.21

.16

.13

.13

.12

0.21
29

.17

.18

.16

.15

Optimum irrigation

0-6   .         
6-12        
12-18        
18-24        
24-30-       
30-36         

0.16
.19
.20
.24
.23
.23

0.63
.45
2.6
.17
.18
.16

1.59
1.27
.87
.53
.31
.27

1.77
1.95
1 49
1.09
.75
.50

1.70
1 97
1 69
1.23
.93
.57

1.60
2.06
1.65
1.52
1.18
.86

1.79
2.23
1.92
1.77
1.35
.95

2.11
2.49
2.14
1.80
1.56
1.20

Optimum irrigation with gypsum

0-6....   _   
6-12.       
12-18.       
18-24        
24-30           
30-36         

0.15
.15
.17
.20
.22
.23

0.75
.48
.32
.22
.18
.16

1.37
1.19
.76
.41
.26
.22

1.30
1.59
1.20
.99
.63
.44

1 4O
1.72
1.49
1.09
.69
.48

1.12
1.55
1.36
1.32
1.09
.87

1.29
1.67
1.62
1.43
1.14
.82

1.70
1.94
1.83
1.69
1.30
1.01

Frequent irrigation at field capacity

0-6.        
6-12         
12-18       
18-24      
24-30           
30-36....     _ .

0.19
.20
.27
.23
.24
.24

0.63
.40
.26
.17
.15
.20

1.51
1.20
.88
.58
.39
.29

1.85
1.85
1.37
.99
.68
.61

1.90
2.16
1.72
1.25
.84
.54

1.71
1.93
1.71
1.46
1.25
.83

1.86
2.22
1.83
1.47
1.09'
.84

2.20
2.57
2.21
1.77
1.32
1.31

FLUVIAL SEDIMENT 

COLLECTION OF DATA

Sediment data for streams in the Grand River basin include daily 
determinations of suspended-sediment discharge, periodic determi 
nations of sediment discharge, and particle-size analyses of sus 
pended sediment and bed material. The data were obtained for 
one daily station (Grand River at Shadehill, from M>rch 1946 to 
June 1950) and from three periodic stations (North Fork Grand 
River near White Butte, S. Dak., and South Fork Grand River near 
Cash, S. Dak., from May 1946 to September 1951 and North Fork 
Grand River at Haley, N. Dak., from December 1950 to July 1952). 
Fairly accurate estimates were made of the yearly sediment dis 
charges at Haley and near White Butte for 1947-60 and near Cash 
for 1947-50.

Particle-size analyses were made of many of the sustoended-sedi- 
ment samples and were used in computing the initial sp?-cific weight
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of a deposit of the sediment. A few samples of bed material were 
collected and analyzed. Depth-integrated suspended-sediment sam 
ples were obtained with U.S. D-43 and U.S. DH-48 samplers except 
on very cold days when a Colorado River bucket sampler was used; 
low temperatures do not permit use of a sampler having a nozzle. 

A local resident collected samples each day at a single vertical on 
the Grand Eiver at Shadehill and obtained additional samples on 
some days of rapidly changing concentration and discharge. Per 
sonnel of the U.S. Geological Survey made periodic determinations 
of sediment discharge on the Grand Eiver and on the two forks by 
collecting samples at several representative verticals in the stream 
cross section. These samples were collected biweekly during nor 
mal flow and more frequently during high flow.

COMPUTATION OF SEDIMENT DISCHARGE

The discharge of suspended sediment was computed by multiply 
ing the suspended-sediment concentration by the streamflow and 
by a constant to convert to tons per day. The concentration in parts 
per million by weight was determined in the laboratory by filtration 
or evaporation of the samples. The streamflow was measured with 
a current meter or was determined from the relationship of gage 
height to streamflow. Because concentrations at a single vertical 
at Shadehill may not have been representative of the concentration 
of the entire stream cross section, they were adjusted on the basis 
of periodic samples collected at several verticals.

For the North Fork Grand Eiver at Haley and near Wh ite Butte, 
periodic sediment discharges plotted against streamflow showed a 
fairly good relationship (fig. 23). This relationship was used to 
estimate the sediment discharge for the periods of no sediment 
record during 1947-60. Both this relationship and the sediment dis 
charges determined from periodic sampling were used tc estimate 
the sediment discharge for days of no samples during the ]>eriods of 
sediment record. Frequent sampling during high flow contributed 
to the accuracy of the estimates of yearly sediment discharge dur 
ing the periods of sediment record.

For the South Fork Grand Eivef near Cash, sediment discharges 
plotted against streamflow resulted in a graph having corsiderable 
scatter. This graph obviously would not give reliable estimates of 
the sediment discharges even with adjustments based on periodic 
sampling; therefore, the records of streamflow and sediment dis 
charge for the North Fork, South Fork, and main stem were studied 
together. Many times a rise occurred on the South Fork and main 
stem but not on the North Fork; during these times the relation of 
sediment discharge to streamflow for the South Fork would be simi-



30,000

FLUVIAL SEDIMENT 

STREAMFLOW, IN CUBIC FEET PER SECOND
100 1000 10,000

61

0.7 1.0 10 100 1000 5000
STREAMFLOW, IN CUBIC FEET PER SECOND

FIGURE 23. Relation of suspended-sediment discharge to streamflow, No~th Fork Grand 
River at Haley and near White Butte.

lar to that for the main stem because the South Fork was contribut 
ing most of the sediment load to the main stem. Figure 24 shows the 
relation between sediment discharge and streamflow for selected 
rises on the Grand River at Shadehill and for a rise on the South 
Fork when several samples were collected. The graph shows a hys- 
teretic effect; the sediment discharges in relation to the streamflow 
are greater after the peak of the rise than before the peak. This 
hysteretic effect was used in estimating the sediment discharges for 
many of the rises on the South Fork. The estimates seem to be 
reasonable because the sum of the sediment discharges of the North 
Fork and the South Fork for each month is in about the s^me propor 
tion to the sediment discharge at Shadehill as the sum of the drainage 
areas is to the drainage area for Shadehill.
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SUSPENDED-SEDIMENT DISCHARGE

Because yearly sediment discharges are even more variable 
than yearly streamflow, a very long period of record would nor 
mally be required for an accurate determination of the r.verage sedi 
ment discharge. The extreme variability of yearly sediment dis 
charges is shown in figure 25, which also shows that sediment 
discharge can be very low for several years in succession. Suc 
cessive years of low sediment discharge increase the length of record 
necessary for an accurate determination of the long-term average.

For the periods for which the sediment discharge near Cash was 
estimated and for which the sediment discharge at SH.dehill was 
measured, the mean sediment discharge was undoubtedly much 
greater than normal because the water discharge was much 
greater than normal. For the period 1947-60, the mean water dis 
charges at Haley and near White Butte were probably reasonably 
close to normal; therefore, the mean sediment discharge probably is 
fairly close to normal.

Estimated suspended-sediment discharges at Haley, near White 
Butte, and near Cash, and measured suspended-sediment discharges 
at Shadehill are summarized in the following table:
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FIGURE 25. Variability of yearly suspended-sediment discharfes.
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Mean and extreme suspended-sediment discharges

Location

North Fork at Haley. ____ . __

Grand River at Shadehffl. __ . __

Water years or 
period

1947-60 
1947-60 
1947-50 

Mar. 9, 1946- 
June 30, 1950.

Suspended-sediment discharge

Mean 
(tons per 

year)

31,000 
140,000 
270,000 
700,000

Minimum

Tons

130 
180 

78,000 
WO.OOO

Year

1955 
1955 
1949 
1948

Maximum

Tons

2''), 000 
1, 2TO, 000 

51 0,000 
i 1, 910, 000

Year

1952 
1950 
1950 
1950

iQct. 1,1949, to June 30,1950. Equivalent to sediment discharge for entire water year.

For some uses, relatively small amounts of water am pumped 
or diverted from a stream at a fairly uniform rate. For such uses 
of the water, a knowledge of the frequency distribution of snspended- 

  sediment concentration is desirable. Information for directly de 
termining frequency distributions of concentration is not available 
except at ShadehiU before closure of the dam, where such informa 
tion would no longer be useful. However, frequency distributions of 
concentration have been determined indirectly for NoHh Fork 
Grand Kiver at Haley and near White Butte and for Scnth Fork 
Grand Eiver near Cash (fig. 26).

For the stations at Haley and near White Butte, the curves in 
figure 26 were derived from the relation of concentration to stream- 
flow and from the streamflow-duration curves. Because the average 
relation of concentration to streamflow was used, the curves do not 
show the extremely low concentrations that occurred a snail frac 
tion of the time.

For the station near Cash, a concentration for each dr.y during 
1947-50 was computed from the streamflow and the estimated sedi 
ment discharge. Because 1947-50 was a period of unusually high 
flow, the concentrations for this station shown in figure 26 are much 
higher than normal.

The lower parts of the curves for all three stations may be some 
what inaccurate because of the unreliability of concentration data 
during periods of very low flow. Suspended-sediment concentra 
tion is not necessarily zero when flow stops. Each curve was ex 
tended, however, to a point representing the probable concentration 
when flow stopped or started and the percentage of time of flow in 
each stream.

PARTICLE SIZE

Samples of suspended sediment were analyzed with sieve, pipet, 
or bottom-withdrawal tube. They were analyzed in distilled water, 
with or without dispersing agents, or in the native water. Particle-
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FIGURE 26. Duration curves of suspended-sediment concentration, North and South Forks
 Grand River.

size distributions of samples that were analyzed in native water 
were coarser than those of duplicate samples analyzed in distilled 
water because some small particles flocculated in the native water. 
A small amount also flocculated when distilled water without a 
chemical dispersing agent was used as the settling nedium. Be-
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cause of the flocculation, only samples analyzed in distilled water 
with chemical dispersing agent were used for computing the aver 
age particle-size distributions in figure 27.

The curves of finest and coarsest particle-size distributions in 
figure 27 show that the particle size at any location on the Grand 
River is extremely variable. The average curves of figure 27 rep 
resent only the arithmetic averages of the analyses; they do not 
necessarily represent the particle-size distributions that occur most 
of the time nor the distributions that an accumulation of several 
years of sediment discharge would have if deposited in one place, as 
in a reservoir. The main reason for qualifying the average curves 
is that they represent generally higher-than-average discharges. 
Also, the curve for Grand River at Shadehill is based on data only 
from the high-flow period of March to May 1950.

In the average particle-size distributions, clay predominates; 
some silt and a little sand are present. The average of 26-percent 
sand for the Grand River at Shadehill probably is much higher than 
the normal.
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SPECIFIC WEIGHT OF SEDIMENT DEPOSITS'

One of the principal uses of sediment data is to estimate rates 
of depletion of reservoir capacity by sediment deposition. Such 
estimates require a knowledge of the probable location and spe 
cific weight of the sediment deposits. The location of sediment 
deposits depends on the elevation of water surface in the reservoir, 
sedimentation diameters of particles in transport, mineral con 
stituents in solution, and effects of density currents. The specific 
weight of sediment deposits depends on the type of material de 
posited, particle-size distribution, and amount of consolidation.

The particle-size distribution is the factor that has the most influ 
ence on the specific weight of a sediment deposit; it has been deter 
mined from the sediment records (fig. 27). The relation between the 
median particle diameter and the specific weight of sediment depos 
its in a large number of reservoirs in several drainage basins (Hem- 
bree and others, 1952) is shown in figure 28. Because th?. data given 
in figure 28 are for samples that were collected near th°- surface of 
submerged sediment deposits, the specific weights are representative 
of natural deposits that have been formed probably within a few 
years of the sampling time and that have not been compacted ma 
terially by overlying deposits.

Table 13 shows the computation of the specific weight of a loosely 
compacted deposit that might be formed from the suspended sedi 
ment transported by the Grand River at Shadehill during the period 
of record. The median size of each sample that was analyzed in 
a dispersed state was plotted against the instantaneous suspended- 
sediment discharge, and an average curve was drawn. For pre 
determined class intervals of suspended-sediment discharge, the 
corresponding median particle sizes were taken from the curve. 
The specific weights for the median particle sizes were determined 
from figure 28. The specific weight was found to be 56 pounds per 
cubic foot.

TABLE 13. Specific weight based on median particle size for the Or and River 
at Shadehill, March 9, 1946, to June 30, 1950

[Specific weight in Ib per cu ft=3

Suspended-sediment discharge

Class interval 
(tons per day)

0-8,000................................... .
8,000-50,000.. _ ...........................
50,000-300,000 _ .......................
300,000-800,000..... ___ ..................

Total................................

Middle 
of class 
interval

4,000 
29,000 

175,000 
550,000

Total 
tons

518,700 
728,000 
649,900 

1, 126, 000

3, 022, 600

Median 
particle 

size 
(mm)

0.0060 
.0073 
.0088 
.0100

Specific 
weight 
(Ib per 
cuft)

53
55 
56 
57

Total tons 
divided by 

specific 
weight

9,787 
13,236 
11,605 
19,754

54,382
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This specific weight was used to convert the weight of sediment 
in tons for Grand River at Shadehill to the volumes of deposit given 
in the following table.

Period 
Mar. 9 to Sept. 30, 1946_ __. __ _ ___
Water year 1946-47__ ______ ______ __
Water year 1947-48. ______ ___ _ _ _
Water year l948-49__ __ ____ _ _
Oct. 1, 1949, to June 30, 1950 ___ ._ ___

Suspendfl- 
sedimen,' 
discharge 

(tons)
____ _ _ 150, ocn
_ ____ _. 560,001
___ ___ _ 160,001
_________ 210,001
_________ 1,900,001

Volume of 
deposited 
sediment 
(acre-feet)

120
460
130
170

1,600

Total (rounded)_________________^ 3,000,001 2,500

The computed volume, 2,500 acre-feet, indicates tire probable 
maximum space that would be occupied by the suspended sediment 
discharged by the Grand River at Shadehill from March 9, 1946, to 
June 30,1950, after deposition in a reservoir.

For the North Fork Grand River at Haley and near YTiite Butte 
and for the South Fork Grand River near Cash, the median particle 
diameters in the average particle-size distributions were all less 
than 0.002 mm. The median diameters for individual analyses were 
all less than 0.005 mm for the two stations on the North Fork and 
less than 0.01 mm for the South Fork near Cash. From this particle- 
size information, a specific weight of 42 pounds per cubic foot was 
estimated for loosely compacted deposits of the suspended sediment 
transported by the North Fork Grand River at Haley and near White 
Butte and by the South Fork Grand River near Cash.

BED MATERIAL

The small amount of data available on the particle-size distribution 
of bed material (table 14) indicates that the bed of the South Fork 
generally has coarser material than the bed of the main stem. 
(The data are for times of low streamflow or no streamflow.) The 
median size for the South Fork was about 2 mm, whereas the median 
size for all three locations on the main stem was about 0.20 to 0.25 
mm.

For the Grand River near Wakpala, bed-material samples were 
obtained several years before and after closure of ShacShill Dam. 
Analyses of these samples (see fig. 29) show that if the dam has had 
any effect on the bed material near Wakpala, the effect has been 
very small. The small difference between the particle-size distribu 
tions could be due entirely to the fact that the samples in 1931 were 
obtained about 13 miles downstream from the 1960 location.
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TABLE 14. Particle-size analyses of streambed material, 

[Method of analysis, sieve and visual accumulation tube]

Date

Percent of streambed material finer than indicated size 
(millimeters)

0.062 0.125 0.250 0.500 1.000 2.000 4.000 8.000 16.000

Remarks

South Fork Grand River near Bison

Oct. 17, 1955.... 4

3

5

4

8

6

12

12

33

32

50

48

68

66

84

84

97

96

One-fourth of width from
right ba^k.

One-fourth of width from left
bank.

Grand River south of Morris town

Oct. 13, 1955.... 0

0
1

6

8
6

87

83
76

100

98
93

99
96

100
97 99 100

One-third of width from right
bank. 

Middle of stream.
One-third of width from left

bank.

Grand River south of Mclntosh

Oct. 12, 1955 

Oct. 13, 1960  

1

1 
2

5

13

3
5

14

86

24 
37

74

93

35 
62

Gn

94

95

45 
73

ind Ri'

97

98

58 
84

rer nea

98

99

78 
93

IT Wnk

100

100

91 
98

pala

96 
100

One- third of width from right
bank. 

Middle of stream. 
One-third of width from left 

bank.

Average for 14 sampling
points. No flow.

TOTAL SEDIMENT DISCHARGE

The concentration of suspended sediment in a stream varies in 
a vertical direction; the minimum concentration is at the surface, 
and the maximum concentration is at the bed. Concentrations of 
particles finer than sand are nearly uniform throughout the depth, 
but the concentrations of sand and coarser particles are much 
greater near the bed than near the surface. The lower 3 to 5 
inches of the stream (called the unsampled zone) cannot be sampled 
by suspended-sediment samplers currently in use; therefore, the 
concentration of a depth-integrated sample is less than the mean 
concentration in the entire depth.

Suspended-sediment discharge is computed by multiplying the 
concentration determined from depth-integrated samples by the 
streamflow for the entire depth and by an appropriate units- 
conversion factor; this discharge is called the measured suspended- 
sediment discharge. However, because the streamflow is for the 
entire depth, the measured suspended-sediment discharge includes 
part of the suspended-sediment discharge in the unsarapled zone. 
All sediment discharge not computed as measured suspended-
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sediment discharge is called unmeasured sediment discharge and 
consists of sediment rolling or sliding on the bed, sedimert moving 
in short skips or leaps near the bed, and part of the suspended sedi 
ment in the unsampled zone. Nearly all the material finer than 
sand, because of its uniform vertical distribution, is included in the 
measured suspended-sediment discharge; therefore, the urmeasured 
sediment discharge is composed mostly of sand or coarser par 
ticles. In sand-bed streams, unmeasured sediment discharge is 
usually a large part of the total sediment discharge unless the 
stream is deep, velocities are low, or discharges of sediment finer 
than sand are so high that the unmeasured sediment discharge is 
very small in relation to the total.

Colby (1957) has developed a method for computing the unmeas 
ured sediment discharge principally from its relationship to mean 
velocity. The method does not require a bed-material analysis nor 
the slope of the energy gradient but requires only the width, mean 
depth, mean velocity, and measured concentration of rnspended 
sand. The method is sufficiently accurate for determining the 
relative magnitude of the unmeasured sediment discharge with re 
spect to the total sediment discharge.

Computations for North Fork Grand River near White Butte, 
South Fork Grand River near Cash, and Grand River near Shade- 
hill indicate that at low streamflow the measured suspended-sediment 
discharges are more than 99 percent of the total sediment discharges. 
At streamflow well above the average, the measured suspended- 
sediment discharges are lowest about 70 to 80 percent of the total 
sediment discharges for the Grand River at Shadehill and about 80 
to 85 percent for the North and South Forks. The percentages 
for the Grand River at Shadellill are lower than those for the South 
Fork near Cash, probably because the available material in the bed 
at Shadehill is finer and more easily transported; the percentages 
are also lower than those for the North Fork near White Butte, prob 
ably because at high flows the depths at Shadehill are shallower and 
therefore a smaller fraction of the total depth is sampled. At peak 
streamflows, the measured suspended-sediment discharges at all
three stations are from 85 to 95 percent of the total.

«
SUMMARY AND CONCLUSIONS

The effects of environmental factors such as type of rocks and 
soils, climate, topography, and vegetation are fairly uniform 
throughout the Grand River basin. Therefore, differences in the 
chemical composition of surface waters from one part of the basin 
to another are not great, and physical and chemical erosion is
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almost uniform. The quantity of dissolved solids transported by the 
streams is closely related to the amount of streamflow. On the 
other hand, the chemical type of the water depends on the material 
over and through which the water moves.

Mean annual runoff in the basin is about 53 acre-feet 'per square 
mile of drainage area and is about 7 percent of the mean annual 
precipitation of about 15 inches. The highest streamflow rates on 
the larger streams have been due to snowmelt. In localized areas 
the peak streamflow rates are caused by intense summer rains.

The chemical quality of the water that is contributed to the Mis 
souri River by the Grand River depends mainly on the action of 
weathering on the Fort Union and Hell Creek Formations. The 
areas of outcrop of the different formations are indicative of their 
relative importance to the quality of water. However, the effects 
of the different formations are not necessarily proportional to their 
areas of outcrop. The Fort Union and the Hell Creek Formations 
crop out in areas covering about 2,500 and 2,200 square miles, re 
spectively, of the 5,680 square miles of area in the Grand River 
basin.

High percent sodium is typical of almost all the waters in the 
Grand River basin. Most of the surface waters are of the sodium 
sulfate or sodium bicarbonate type. The general strea mflow-qual- 
ity patterns of the Grand River and its two forks are similar. The 
dissolved-solids content varies greatly, especially at high stream- 
flow rates. Nevertheless, the quality of the water improves as the 
streamflow increases. The dissolved-solids concentration is maxi 
mum during low flows but usually does not exceed 3,000 ppm. 
During high flows the normal and base flows, which are mostly from 
ground-water inflow, are diluted by overland runoff. The effect 
of overland runoff on the chemical composition of the water is pro 
nounced. At peak flows the water of the Grand River at Shadehill 
is of the sodium bicarbonate type, and at extremely low flows the 
water is generally of the sodium sulfate type.

After storage began in July 1950, Shadehill Reservoir filled slowly 
until the spring of 1952 when runoff caused the reservoir to fill 
rapidly and to spill in April 1952. After the reservoir had filled and 
the quality of the water became almost uniform throughout the 
reservoir by the latter part of July 1952, the specific conductance 
gradually increased and became relatively stable in 1956. There 
after, the specific conductance fluctuated from about 1,300 to 1,600 
micromhos per centimeter and was between 1,400 and 1,500 micro- 
mhos per centimeter most of the time. The gradual increase of 
specific conductance was affected very little by seasonal changes

732-132
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in the quantity and quality of inflow. Only during a short time, 
usually in March and April, is the concentration of dissolved solids 
in the inflow as low as that of the water in the reservoir. Except at 
the points of inflow and during floodflows, the water in the reservoir 
is well mixed and is uniform in composition.

Chemical-quality records that were computed for the Gr^nd River 
at Shadehill for the representative period July 1937 to June 1950 
compare favorably to measured data for the period October 1945 
to June 1950. If the runoff at Shadehill during the period July 1937 
to June 1950 had been stored in Shadehill Reservoir, the specific 
conductance of the water probably would have averaged about 
1,200 micromhos per centimeter, or the dissolved solids would have 
been about 840 ppm. The minimum and maximum for this period 
would have been 74 and 83 for percent sodium and 6.4 and 12 for 
sodium-adsorption-ratio, and the average would have been 77 per 
cent and 7.7, respectively. The measured specific conductance, 
concentration of dissolved solids, percent sodium, anc1 sodium- 
adsorption-ratio of water leaving the reservoir in July 1960, after 
several years of abnormally low flow, were about 1,400 micro- 
mhos per centimeter, 955 ppm, 82 percent, and 11, respectively.

The dissolved-solids discharge at the station near Wakpala for 
the long-term representative period July 1937 to June 1950 is esti 
mated to have been 140,000 tons per year, and the yield from the 
basin was about 25 tons per square mile per year. For the stations 
at Haley, near White Butte, near Cash, and at Shadehill, the com 
puted yields were about 22, 28, 25, and 28 tons per sqi^are mile, 
respectively.

Except for sulfate, concentrations of chemical constituents usually 
do not exceed the maximum concentrations recommended for do 
mestic supplies. The high dissolved-solids and hardness of most of 
the surface waters of the Grand River basin prevent the us« of these 
waters for most industrial purposes unless the quality is improved 
by treatment.

The water from Shadehill Reservoir, when classified for irriga 
tion use according to specific conductance and sodium-adsorption- 
ratio, has a high salinity hazard and a medium sodium hazard. 
The effects of using the water for irrigation on experimental plots 
have been studied by the Bureau of Reclamation and other agencies. 
According to the Bureau, the water can be used safely for sustained 
irrigation on loamy sand, sandy loam, and the lighter-textured loams 
if provision is made for gypsum application in the range of 4.5 tons 
per acre during the high sodium cycle and if adequate leaching is 
practiced.
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Suspended-sediment discharges of the Grand River at Shadehill 
during the period of record were much greater than normal. They 
ranged from 160,000 tons in 1948 to 1,900,000 tons in 1950 and aver 
aged 700,000 tons per year.

Suspended-sediment discharges of the North Fork at Haley and 
near White Butte and the South Fork near Cash were estimated 
from periodic sampling. Estimated discharges of the Forth Fork 
at Haley for 1947-60 averaged 31,000 tons per year and ranged 
from 130 tons in 1955 to 260,000 tons in 1952. Estimated discharges 
of the North Fork near White Butte for 1947-60 averaged 140,000 
tons per year and ranged from 180 tons in 1955 to 1,200,000 tons in 
1950. Estimated discharges of the South Fork near Casl for 1947- 
50 averaged 270,000 tons per year and ranged from 78,000 tons in 
1949 to 510,000 tons in 1950. Sediment discharges during the period 
of record for the South Fork near Cash were much greater than 
normal.

The suspended sediment is predominantly clay; some silt and a 
little sand are transported. The amount of sand in the suspended 
sediment in the North and South Forks averaged about 5 percent. 
The average of 26 percent of sand in suspended sediment in the 
Grand River at Shadehill probably is much higher than normal 
because samples were for a high-flow period.

The probable specific weights of sediment deposits an about 42 
pounds per cubic foot for the North and South Forks and 56 pounds 
per cubic foot for the Grand River at Shadehill. These specific 
weights are for deposits that have not been appreciably compacted 
by overlying deposits or by exposure to the air. At 56 pounds per 
cubic foot, the sediment that was carried by the Grand River at 
Shadehill from March 9, 1946, to June 30, 1950, would occupy about 
2,500 acre-feet when deposited in a reservoir.

LITERATURE CITED

American Water Works Association, 1950, Water quality and treatment:
Am. Water Works Assoc. Manual, 2d ed., p. 66-67, tables 3,4. 

Anderson, E. R., and Pritchard, D. W., 1951, Physical limnolc«T of Lake
Mead : San Diego, Calif., U.S. Navy Electronic Lab.

Clarke, F. W., 1924, The data of geochemistry: U.S. Geol. Survey Bull. 770. 
Colby, B. R., 1957, Relationship of unmeasured sediment discharge to mean

velocity: Am. Geophys. Union Trans., v. 38, no. 5, p. 708-717. 
Colby, B. R., Hembree, C. H., and Rainwater, F. H., 1956, Sedimentation and

chemical quality of surface waters in the Wind River basir r Wyoming:
U.S. Geol. Survey Water-Supply Paper 1373.

Barton, N. H., 1951, Geologic map of South Dakota: U.S. Geol. Survey. 
Eaton, F. M., 1950, Significance of carbonates in irrigation waters: Soil Sci.,

v. 69, p. 123-133.



76 SURFACE WATERS, SEDIMENTATION, GRAND RIVER BASIN

Edwards, M. J., and Ableiter, J. K., 1951, Soil Survey of Morton County, N. 
Dak.: U.S. Dept. Agriculture Soil Ser. 1936, no. 28, p. 26.

Evermann, B. W., and Clark, H. W., 1920, Lake Maxinkuckee, A physical 
and biological survey: Indiana Dept. Conserv. Pub. 7, v. 1, p. 152-216.

Gill, J. B., and Moore, G. W., 1955, Carnotite-bearing sandstone in Cedar Can 
yon, Slim Buttes, Harding County, South Dakota: U.S. Geol. Survey 
Bull. 1009-1.

Hansen, Miller, 1956, Geologic map of North Dakota: North Eakota Geol. 
Survey.

Hembree, C. H., and others, 1952, Sedimentation and chemical quality of 
water in the Powder River drainage basin, Wyoming and Montana: U.S. 
Geol. Survey Circ. 170.

Lane, E. W.. and others, 1947, Report of the subcommittee on sediment ter 
minology : Am. Geophys. Union Trans., v. 28, no. 6, p. 936-938.

Perrey, J. I., and Corbett, D. M., 1956, Hydrology of Indiana lakes: U.S. Geol. 
Survey Water-Supply Paper 1363.

Renick, B. C., 1925, Base exchange in ground water by silicates as illustrated 
in Montana : U.S. Geol. Survey Water-Supply Paper 520, p. 53-71.

Riffenburg, H. B., 1925, Chemical character of ground water of the Northern 
Great Plains : U.S. Geol. Survey Water-Supply Paper 560-B.

Twenhofel, W. H., and Tyler, S. A., 1941, Methods of study of sediments: 
New York, McGraw-Hill Book Co., 183 p.

Tychsen, P. C., and Vorhis, R. C., 1955, Reconnaissance of feology and 
ground water in the lower Grand River valley, South Dakota, with a sec 
tion on chemical quality of the ground water by E. R. Jo"hensi: U.S. 
Geol. Survey Water-Supply Paper 1298.

U.S. Army Corps of Engineers, 1951, Suspended sediment in t^e Missouri 
River, daily record for water years 1937-1948: Omaha, Neb^., Missouri 
River Div., p. 69-70.

     1957, Suspended sediment in the Missouri River, daily record for 
water years 1949-1954: Omaha, Nebr., Missouri River Div., p. 88-89.

U.S. Congress, 1934; Cannonball, Grand, and Moreau Rivers: U.S. 73d 
Cong., 1st sess., H. Doc. 76, 89 p.

     1941, Climate and man: U.S. 77th Cong., 1st 'Sess., H. Doc. 27, p. 276,
1117. 

U.S. Department of Commerce, 1952, Irrigation of agricultural lands, North
Dakota and South Dakota: Bur. Census, v. 3, pt. 7, 44 p. 

U.S. Department of Health, Education, and Welfare, 1962, PuMic Health
Service drinking water standards: U.S. Public Health Service Pub. 956 

.U.S. Salinity Laboratory Staff, 1954, Diagnosis and improvemert of saline
and alkali soils: U.S. Dept. Agriculture, Agr. Handb. 60,160 p.



INDEX

[Italic page numbers indicate major references]

Adams County, N. Dak 
Arikaree Formation.._

Page
4

20

Bed material._________________ 59,60,69 
Bison, S. Dak................................ 39
Black Horse Butte Creek____.______ 6

near Morristown... ____________ 41
Blue Horse Reservoir____________ 56
Bowman County, N. Dak_............__. 4,6
Brule Formation..._______.____.  22 
Buffalo Creek_________..._....__ 6,7
Buffalo, S. Dak....................... 6,8,22,38,39
Bull Creek............................... 6,8,11,22

at mouth near Buffalo__________ 39
near Ludlow______________... 39

Bullhead, S. Dak............................. 24,42
Bureau of Reclamation, quoted.____-.... 57
Butte, S. Dak................................ 63

Cannonhall Member___.......... 20,21,22,23,52
Cannonhall River______.________ 4 
Cash, S. Dak........................ 13,17,48,63,74
Cave Hills..-. .--.. .-.-. ....  .. 6,8,10
Chadron Formation_____.______ - 22 
Chemical analyses._...... 21,22,23,24,25,37,43,46
Chemical quality of the water..._...._... 19, 73
Chemical-quality records.-----____.. 37,43,74
Chestnut soils_. _______________ 10 
Climate..----..-_...........___........ 9
Corson County, S. Dak . __.__   4,56 
Cottonwood Creek..-----_......____... 6
Cretaceous age.._______._____^._ 20 
Ouster National Forest____________ 10

Dirty Lodge Creek...__..--.____...... 6
Dissolved-solids concentration______ _ 19, 

20,24,26,30,47,48,73,74
discharge______________.__ 48, 74 

Domestic use of water..________ ___ 6$ 
Drainage__-_____________.__ 6

East Flat Creek    ..      ..... 23
near Shadehill____ __________ 40

Evermann, B. W., and Clark, H. W., quoted- 31

Firesteel Creek_____________.__ 6
Flat Creek--.-.     -         6,22,23

at Haynes__________________ 40
below Flat Creek Lake near Shadehill._ 41

Flat Creek Lake.       ._    . 23
near Shadehill              . 40

Fluvial sediment _______________ 59
Fort Randall damsite_...______.__ 12
Fort Union Formation........ 20,21,22,23,25,52,73
Fox Hills Sandstone_.____________ 20,24

Page
Garrison damsite________. ____._ 12 
Geology, relation to chemical qual'ty of water. 19 
Gradient of Grand River_...._.____-. 6

North Fork...  .            7
South Fork-...._.____.-._._.... 8

Grand River...  ......................    6,9,23
at Haley  ....___._. ____._ 64
at Little Eagle ..................-..  42
at Shadehill..            3,

13,26,43,59,6C, 61,66,67,69, 74,75 
near Athboy______________-_ 41 
near Mclntosh-.____.______._ 41 
near Morristown...___________ 41 
near Shadehill-----____.___. . 53,72
near Wakpate.............. ?, 10,11,13,17,43,69

Grand River drainage basin..______._ 2,9 
Grand River valley.._____________ 7 
Grasses___..__-_...________ 10 
Great Plains province.._________._ 4

Haley, N. Dak.    .. 6,13,2T,48,51,52,63,64,74 
Harding County, S. Dak__._____..... 4,6,19
Hardness, classification___________ 53 
Haynes, N. Dak_________________ 22,40 
HeU Creek Formation,   .. 2C,21,22,23,25,52,73 
Hettinger, N. Dak....__...__........ 4,22,38
High Bank Creek...____.._____._ 6

near Little Eagle.            42 
Hump Creek_.______.___.__. . 6,23

near Mclntosh.._____________ 42

Industrial use..._______________ 53 
Irrigation.......   ......._ .  .... 19,55

Jones Creek_________._______ 6,8,22
at mouth near Buffalo__________ 39

Jump-off-       .. .         8

Kite diagrams. 20

Late Cretaceous age. _____ .     20 
Lemmon, S. Dak.._.......________.. 8,9,52
Lightning Creek ___._..___.___ 6 
Little Eagle, S. Dak         ..   . 42 
Little Missouri River._.___._...__- 4 
Little Missouri River basin____ .    8 
Location and extent of area________. . 4 
Lodgepole Creek......________..    6,8

at mouth near Shadehill_________ 40 
Ludlow Member............__...... 20,21,22,52
Ludlow, S. Dak       .__.... ... 39

Mclntosh, S. Dak......................... 23,41,42
Maletic, J. T., and Yarger, W. H., quoted  56 
Mean water discharges______       43

77



78 INDEX

Page 
Miocene    .   ___________ 20
Missouri Plateau___________ ____ 4 
Missouri Elver_________________ 6,25,73 
Missouri Eiver basin______________ 2,12 
Mobridge, S. Dak____.____..._.____ 6 
Moreau Eiver__________________ 4 
Moreau Eiver basin.______________ 8 
Morristown, S. Dak____._____..._.. 23,41

Nasty Creek................................ 6,8,22
near Ealph_______._________ 39 

North Fork Grand Eiver..__.....__.._ 4,
6,7,11,22,52,60,61,75 

above junction with South Fork Grand
Eiver near Shadehill..._.__. 38 

at Haley, N. Dak_...... 21,52,59,60,64,69,75
near White Butte, S. Dak.... 17,30,59,60,72,75
south of Hettinger__________.__ 38

Oahe Reservoir. 
OUgocene.......

Paleocene_...__.______________ 20 
Particle-size analyses.____._______.. 59 
Particle size of sediment__.______.. 64,67,69 
Perkins County, S. Dak..__._.___.. 4,6,56 
Pierre Shale .           20,24
Pine Hills.             . 10
Precipitation__. _______________ 9,10 

mean annual_.______________ 73

Quaternary age. 20

Balph, S. Dak......-..... -..        22,39
Eange lines, Shadehill Eeservoir.______.. 30 
Runoff           10,26,30,37,47,73,74

mean annual. _______ ______-_ 73

Salinity hazard....______.______  66,74
Sand Creek. ...- ..... .._.   6,8,22,23

near Buffalo_________________ 38,39 
Scab spots..       .  ....     .- 10
Scabby land___._.____._.._._.... 10
Sediment discharge...__......_ 48,59,60,61,75

computation of....--. .   -...     60
suspended.___.__.___ ____.. 60,63
total____________.______.. 71
unmeasured______________... 72

Shadehill Dam......       ...    9,11,69
Shadehill Development Farm________.. 19,57 
Shadehill Reservoir          3,6,5,17,

19, 22, 23, g6, 46, 47, 52, 53, 56, 57, 73, 74 
Shadehill, S. Dak...............       6,

8,23,38,40,41,43,48,63,64,74 
Shrubs...__.__._._.____....   10
Slim Buttes..............  ...    6,8,10,22

Page 
Snake Creek ___________________ 24

near Wakpala.. ______ . __ . ____ 42 
Sodium-adsorption-ratio ___ _ . _ .. _ 56, 57, 74 
Sbdium hazard. ____________ . ____ 74 
Soils and vegetation __ ___ ___ _____ 10 
South Fork Grand River...   6, S, 22, 60, 61, 69, 75

above confluence with North T'ver near
Shadehill            40

at Buffalo           ...... 13,22,38
near Bison. ________________ 39
near Cash, S. Dak...... 17, 30, 5"), 60, 64, 69, 72, 75
near Prairie City ______________ 39

Specific conductance.. ____ _____ . __ 30,
. 31, 32, 35, 37, 4% 46, 47, 56, 73, 74

Specific weight of sediment deposits. _____ 67,75
Spillway, irrigation.. ___ . _________ 47

service... ..--I--.. __ .... __ . _ ....... 30,47
Spillway crest, Shadehill Reservoir. .......... 30,31
Spring Creek.. ______ . ______ . __ 6,7 
Squaw Creek....   .    .   .    .....    8

near Buffalo. _ . ____ .. _ ........ __ 39
Standing Eock Indian Eeservation. ...      56
Stink Creek. __ .. _ - __ ... _ .       . 6,24

near Bullhead. _ ...................     42
Storage. _____ ... ___ ... _ .....   ..  9, 13
Streamflow  ... 10, 25, 37, 43, 48, 60, 6« . 64, 69, 71, 72, 73 
Suspended sediment. _ ......           64
Suspended-sediment discharge.... 51, 60, 63, 69, 71, 75

measured.. __ ..                71, 72

Table Mountain... 
Temperature. ___ ... 

Shadehill Reservoir- 
Tertiary age..... 
The Breaks- . _ ...

. ______ ... 6

.       -    10

.-.-  .-.--.- 32
-          - 20
.     .       8 

Tongue River Member.. .       . . 20, 21, 22, 23, 52
Topography.           .        .. . 4
Total sediment discharge.-    -         71
Trees ________ . __ ... _          ... 10
Tributaries, Grand River.          -  6

North Fork-. ..-.. . _ _._.      6
South Fork-           -- 6

Turbidity-. ..             - 53

U.S. Public Health Service water standards.. 52

Vegetation-

Wakpala, S. Dak.. -         3,42,48
Water quality and use_...  ..      .. 52 
Water-quality tolerances...      -       52,53 
White Butte, S. Dak. 13,17,22,48, 5\ 52,63,64,69, 74 
White River Group.--.     -     20,22 
Willow Creek--               6,23

near Morristown.-.             41

Ziebach County, S. Dak.


